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GENERAL INTRODUCTION 
Alfalfa, Medicago saliva L., is one of the worlds most widely grown forage crops 
because of its importance in livestock production and crop rotations (Steffey & Armbrust 1991, 
Pick & Mueller 1989). Additionally, it is an important nectar source for honey bees, habitat for 
numerous arthropod natural enemies, and an ideal nesting site for birds (Barney & Armbrust 
1981, Giles et al. 1994b, Frawley & Best 1991, Buske et al. 1991). The introduced alfalfa 
weevil Hypera postica Gyllenhal (Coleoptera: Curculionidae) is among the most important 
alfalfa-feeding insects in the United States and Canada and occasionally causes great economic 
damage (Steffey & Armbrust 1991). Management of H. postica has relied heavily on imported 
Hymenopteran paiasitoids to suppress weevil populations (Day 1981). In areas of the 
northeastern United States where six parasitoid species ate established, 73% of all alfalfa fields 
do not have sufficient weevil populations to justify the use of insecticides (Day 1981). In the 
northeastern United States, an estimated 8 million dollars per year is being saved (reduced 
insecticide use) because of the actions of these natural enemies (Day 1981). In an economic 
analysis of the alfalfa weevil biological control program, Moffit et aL (1990) concluded that the 
benefits of this program for the entire United States are $88 million dollars per year (1987 
dollar). Despite the success of the biological control program, and the efifectiveness of a 
naturally occurring entomopathogenic fungus, Zooph^ra phytonomi Arthur (Zygomycetes: 
Entomophthoraceae), H. postica continues to be a sporadic pest of alfalfa in many locations 
throughout North America (Harcourt 1985; Harcourt & Guppy 1991; Goh et al. 1989a; Steffey 
& Armbrust 1991, DeGooyer et al. 1996). Current alfalfa weevil management options include 
early harvesting, and / or insecticides when populations reach economic thresholds (Wedberg 
et al. 1980, Higgins et al. 1988, Steffey & Armbrust 1991, Wintersteen et al. 1992). 
However, harvesting or insecticides used to control H. postica larval populations often reduce 
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natural enemy numbers and their impact (Wilson & Armbrust 1970, Casagrande & Stehr 1973, 
Walstrom 1974, Hower & Luke 1979, Steffey & Armbrust 1991). 
Relatively few efforts have been made to integrate H. postica management tactics and 
natural enemies into holistic management programs that could be used by forage producers. 
This is caused in part by the lack of detailed information on the interactions between H. postica 
natural enemies and agronomic practices (Brown & Nordin 1986, Brown 1987, Harper 1987). 
A model developed by Brown and Nordin (1982) includes Z phytonomi as a component of an 
implemented management program in Kentocky (Brown 1987). This model produced 
management recommendations utilizing early-season insecticide decision thresholds and early 
harvesting. Insecticide applications were used to suppress early weevil outbreaks. However, 
these applications reduced larval populations to very low numbers, resulting in a late first 
occurrence of Z phytonomi and a reduced impact on surviving populations (Brown & Nordin 
1986). Early harvesting was timed with predicted first occurrence (based on degree day 
accumulation for H. postica) of Z phytonomi to enhance disease levels within humid 
windrows. Harvesting mechanically kills H. postica larvae, immediately reducing larval 
populations. Larvae are concentrated in windrows by raking, enhancing the spread of the Z 
phytonomi and eliminating postharvest weevil populations and subsequent management 
actions. The success of this program, however, has been variable because predicted first 
occurrence Z phytonomi based on degree day accumulation for H. postica can be affected by 
rainfall. Giles et al. (1994) observed a Unear relationship between daily rainfall and first 
occurrence of Z phytonomi; first occurrence varied with rainfall up to 3 weeks. 
Shoemaker and Onstad (1981) incorporated the role of the larval parasitoid 
Bathyplectes curculionis Thomson (Hymenoptera: Ichneumonidae) into a management model 
that relied on early harvesting. They concluded that the optimal management strategy for H. 
postica in New York was early harvesting, which killed a large proportion of H. postica larvae 
but ailcvved relatively large numbers of parasitoids to complete development on surviving 
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larvae. However, if harvest is not timed to enhance Z phytonom and reduce larval 
populations, economic damage on young regrowth may occur (Buntin & Pedigo 1986). 
Following removal of hay, surviving H. postica larvae, and larvae eclosing from eggs within 
the remaining stems, feed on young alfalfa and can cause severe damage to the second crop 
(Buntin & Pedigo 1986, Berberetet aL 1981). These larvae may require additional control 
measures, and insecticides are the only option. Additionally, Oklahoma alfalfa fields managed 
by early harvesting have decreased stand life compared with fields managed with insecticides 
(Latheef et aL 1988, Latheef et aL 1992). Stand reduction is accelerated by early harvest 
because of the combined effect of harvesting stress, insect damage, and weed competition in an 
underdeveloped canopy. 
Alfalfa producers who do not use insecticides often rely on whole-field early harvesting 
to control weevil populations but fail to incorporate the biology of H. postica natural enemies 
with harvesting to prevent the development of larval populations on young alfalfa regrowth. 
Alternatively, some producers use insecticides to manage alfalfa weevil populations but would 
like to reduce rates or select less toxic insecticides to minimize the negative effects of these 
compounds on the alfalfa agroecosystem. New management programs that incorporate the 
effectiveness of H. postica natural enemies are needed for alfalfa producers who seek to reduce 
negative effects of current management options on producers, arthropod natural enemies, and 
vertebrate wildlife found in alfalfa fields. 
One particular focus for integration is Z phytonomi, a naturally occurring 
entomopathogenic fimgus of the alfalfa weevil Hypera postica Gyllenhal (Coleoptera: 
Curculionidae) (Barney & Armbrust 1981, Harcourt et al. 1990). This fungus was first 
reported in Ontario in 1974 and has subsequently spread to alfalfa growing regions throughout 
the United States, often causing >90% mortality of H. postica larvae (Burger & Bryan 1991, 
Harcourt et al. 1974, Harcourt et al. 1990, Giles et al. 1994a). The development of strategies 
to incorporate Z phytonomi into H. postica management programs has been largely ignored. 
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despite the significant effects of this pathogen on larval populations, and the detailed 
quantitative knowledge of its phenology in many locations (Brown & ^^oidin 1986, Harcourt 
et al. 1990, Nordin et al. 1983, Giles et al. 1994a). 
Understanding the activity of Z phytonom in the early spring, when larval populations 
are increasing, is critical for the development of manipulative techniques designed to initiate 
epizootics (>50% infection) in the field. The important step in initiating Z phytonomi 
epizootics on larval populations may be the presence of larvae on the soil surface during moist 
conditions, where the fungal inoculum occurs, (Steve Roberts personal communication. 
University of Illinois, Johnson et al. 1984). Ecological information on Z phytonomi can be 
used to test initiation and enhancement techniques or create appropriate microhabitats which 
favor the initiation and/or spread of the fungus. 
Modified techniques of current harvesting procedures, insecticidal control methods, or 
inoculative host releases could aid in the initiation of epizootics and reduce larval populations. 
Early epizootics created by inoculative host (ft postica larvae) releases could serve as local foci 
to initiate cycling of the fungus (Harper 1987, Camithers & Soper 1987, Ignoffo 1985). Early 
seasonal infection at local foci could serve as the first of several generations of Z phytonomi; 
the final resulting in an epizootic, optimally before or during peak larval numbers. 
Brown and Nordin (1986) suggested that properly timed partial harvests could induce 
Z phytonomi epizootics within harvested areas, that would subsequently spread to 
unharvested areas. Also, early partial harvesting would allow portions of the field to grow to 
maturity, conserving arthropod natural enemies and vertebrate wildlife within unharvested 
areas (Summers et al. 1981, Frawley & Best 1991) and potentially increasing stand life 
(Latheef et aL 1988, Latheef et al. 1992). Similar results could be achieved using properly 
timed reduced rates of insecticide in an entice field, or within sprayed strips (full or reduced 
rates). Additionally, using reduced rates of insecticides to maintain low larval numbers 
(approximately two larvae per stem) for Z phytonomi epizootics would potentially decrease 
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damage and increase yields because of the overcompensatory growth of alfalfa (Hintz et aL 
1976, Godfrey & Yeargan 1987, Weaver et al. 1993). Reduced rates of insecticides may also 
cause sub-lethal effects such as delayed feeding, or active movement to the ground. Delayed 
feeding of surviving larvae would temporarily decrease injury and provide a window of time 
for the spread of Z phytonomi. Active movement of surviving larvae to the ground would 
potentially increase the number of hosts in contact with die fungal inoculum. 
Tactics for H. postica management, such as inoculative host releases, strip-harvesting, 
and reduced rates of insecticides that are designed to optimize the impact of Z phytonomi, have 
not been evaluated. Additionally, the effect of strip-harvesting and reduced rates of insecticides 
on H. postica larval parasitism and arthropod predator abundance is unknown. 
Objectives 
The objectives of this study were to (I) initiate local epizootics of Zoophthora 
phytonomi through inoculative host releases, (2) quantify the effects of reduced insecticide 
rates, or strip harvesting, on H. postica larval populations and transmission of Z phytonomi, 
(3) determine the effects of reduced insecticide rates, or strip harvesting, on the larval 
parasitoids B. curculionis and B. anurus, and (4) determine the effects of reduced insecticide 
rates, or strip harvesting, on selected arthropod predators. 
Dissertation Organization 
This general introduction is followed by a literature review, five papers prepared for 
submission to journals (chapters 1-5), general conclusions, and a list of references cited in the 
introduction, literature review, and general conclusions. In the first chapter, the early spring 
activity of Z phytonomi was studied through inoculative H. postica larval releases. In chapter 
2, the transmissibility of Z phytonomi among H. postica larvae treated with insecticide was 
determined. In chapter 3, the effects of reduced insecticide rates, or strip harvesting, on H. 
postica larval populations and transmission of Z phytonomi was determined. In chapter 4, the 
effects of reduced insecticide rates, or strip harvesting, on H. postica larval populations and the 
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larval parasitoids B. curculionis and B. anurus was examined. In chapter S, the effects of 
reduced insecticide rates, or strip harvesting, on selected arthropod predators was determined. 
These papers follow the general guidelines of the Entomological Society of America for 
submission to scientific joumals. 
Literature Review 
Life Cycle of H. postica in Iowa 
The origin of the alfalfa weevil Hypera postica Gyllenhal (Coleoptera; Curculionidae) 
is considered to be Central Asia (Dysart & Day 1976). This species was first collected in the 
United States in Utah in 1904 (Titus 1909). In 1951, Bissell collected the weevil in Maryland 
(Armbrust et aL 1970, Dysart & Day 1976). The weevil subsequently spread throughout all 48 
contiguous states (U.S.) and four Canadian provinces (Dysart & Day 1976, Burger & Bryan 
1991). The life cycle of H. postica has been described by several authors (Titus 1910, 
Davidson & Lyon 1979, Steffey & Armbrust 1991, Wintersteen et aL 1992). Adult H. postica 
overwinter in ditches, haystacks, or in alfalfa fields if fields are left uncut Females leave 
overwintering sites in the early spring and lay eggs on the ground, in dead alfalfa stems, or in 
new growth of alfalfa when it appears (Titus 1910; Davidson & Lyon 1979). Hypera postica 
develops through four stadia; cumulative degree days of 70.6,140.6,207.0, and 297.9 are 
required above 48°F (8.9°C) for 50% development from eclosion through all larval stadia, 
respectively (Litsinger & Apple (1973). In Iowa, larval feeding generally occurs during the 
early bud stage of alfalfa development (Pick & MeuUer 1989, DeGooyer et al. 1996). Adults 
emerge from a round, openly-woven white cocoon after 10 to 15 days, and feed on alfalfa up 
to a month before leaving the field and entering summer aestivation (Guerra & Bishop 1962, 
Tauber et al. 1986) sites in weedy areas n^ the alfalfa field. 
In the fall, adults return to alfalfa fields to feed, mate, and lay eggs if fall temperatures 
are mild (Summers et al. 1981, Tauber et al. 1986). In central and northern Iowa, survival of 
overwintering eggs is normally low or absent, however, large numbers of eggs occasionally 
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survive the winter in Southern Iowa and hatch during the spring (DeGooyer et al. 1996). 
Effiect of H. postica feeding on Alfalfa 
Yield. Damage to alfalfa by H. postica is caused primarily by larval feeding on 
growing tips, buds, and skeletonizing of leaves (Steffey & Armbrust 1991). First and second 
instais do very little feeding, whereas third and fourth instars account for 90% of total alfalfa 
consumption (Koehler & Pimentel 1973). The effect of H. postica larval feeding on alfalfa is 
dependent upon the size and growth stage of alfalfa; older and longer stems are less affected by 
larval feeding (Berberet & McNew 1986; Hintz et al. 1976). Damage to alfalfa, thought to 
vary by cultivar, is measured by yield and quality reductions (Hutchins et al. 1990, Peterson et 
al. 1992a, Peterson et al. 1993). Hintz et aL (1976) suggested that meristematic growth and 
photosynthesis are reduced when larvae skeletonize leaves. In field plots, increased percent 
defoliation (simulated weevil damage) significandy reduced stem length (Peterson et al. 1993). 
A density of eight larvae per stem reduced yield by 33 to 50% (Wilson & Hintz 1971; 
Showalter et al. 1975). Godfrey and Yeargan (1987) documented a 56.1% yield loss, or a 
0.46 kg / 5.6 m" yield reduction with three larvae per stem. Altematively, several studies have 
documented yield increases with light to moderate larval infestations during favorable (adequate 
moisture levels) growing conditions. Godfrey and Yeargan (1987) observed increased stem 
density in plots subjected to subeconomic weevil populations. Dry matter production increased 
with larval infestations between 1 and 3 larvae per stem (Mathur & Pienkowski 1967). 
Hendrickson (1983) and Wilson (1973) observed yield increases with larval infestations of up 
to 2.0 larvae per stem. A yield increase of 156.8 kg / ha was observed when weevil densities 
were between 2.0 and 2.6 larvae per stem (Hintz et al. 1976). Increases in stem density and 
subsequent yield result from overcompensation in plant growth in response to H. postica larval 
feeding (Hintz et al. 1976; Pick & Liu 1976). Low levels of defoliation on terminal leaves and 
buds damage meristems, reduce apical dominance, and stimulate lateral branching and leaf 
production (Pick 1976; Pick & Liu 1976). Variations in yield among studies have be attributed 
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to differences between cultivars (response to weevil feeding), but more often to differences in 
growing conditions (especially moisture levels) at separate locations (Hutchins et al. 1990). 
Compared with alfalfa plants with adequate moisture, plants under moisture stress are more 
likely to be damaged by low H. postica larval populations (Hutchins et al. 1990). 
Reductions in second harvest yields as a function of first growth larval infestation have 
been reported (Liu & Pick, 1975; Wilson et al., 1975; Wilson and Quisenberry 1986). Berberet 
et al. (1981) observed that second harvest was significantly reduced by 155 kg / ha for each 
additional larva per stem. However, both Godfrey and Yeargan (1987) and Peterson et al. 
(1992b) observed no yield loss for the second cutting, following high larval infestations and 
high levels of simulated weevil injury, respectively. Variations in yield among studies have 
been attributed to differences between cultivars (response to weevil feeding), but more often to 
differences in growing conditions (especially moisture levels) at separate locations (Hutchins et 
al. 1990). Plants under moisture stress are more likely to be damaged by low H. postica larval 
populations than those with adequate moisture (Hutchins et al. 1990). 
Quality. The effect of larval feeding on the quality of alfalfa has produced 
contradictory results similar to yield smdies; variations in quality are often attributed to 
differences in plant response to growing conditions among study locations (Hutchins et al. 
1990). Mathur and Pienkowski (1967) concluded that light larval infestations (1 to 3 larvae per 
stem) reduced protein, fat, and crude fiber levels without affecting yields. A density of 2.7 
larvae per stem significantly reduced in vitro true digestibility and crude protein content 
percentages, however, nutrient quality was unaffected when total herbage was analyzed. In 
contrast, Hintz et al. (1976) observed significant reductions in quality (crude protein and dry 
matter digestibility) for total herbage with larval densities of 3 per stem. More recent studies 
(Berberet & McNew 1986, Wilson & Quizenberry 1986, Godfrey & Yeargan 1987) have 
concluded that crude protein content for total herbage is unaffected by larval feeding. Godfrey 
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& Yeargan (1987), however, found reductions in dry matter digestibility of 3.5% for the first 
harvest with increased larval feeding. 
Hutchins et al. (1990) stated that weevil feeding has only a moderate impact on quality 
(crude protein and diy matter digestibility). Defoliation by weevil larvae primarily affects dry 
matter production, which consequently reduces only nutrient yields, not quality. This is the 
result of stunted stem growth which is proportional to leaf content removal. Stunted stems, 
which are delayed in growth and less mature at harvest, have little loss in leaf quality (Pick & 
Liu 1976, Berberet & McNew 1986). 
Photosynthetic Rate. Very little work has been done to determine the impact of 
larval feeding on alfalfa photosynthesis. Hintz et al. (1976) suggested that increased feeding 
by larvae reduced photosynthesis and was the primary reason for decreased stem densities and 
yields. However, Peterson et al. (1992b) demonstrated that both simulated and acmal 
defoliation of alfalfa did not significantly affect photosynthetic rate despite reductions in 
photosynthetic area. Increases in defoliation decreased the rate of leaf senescence for 
remaining leaves. 
H. postica Natural Enemies in Iowa 
Zoophthora phytonomL The fungal entomopathogen, Z phytonomi, is an important 
naturally occurring biological control agent of H. postica in alfalfa growing regions throughout the 
United States (Barney & Armbrust 1981, Burger & Bryan 1991, Harcourt et al. 1990). When 
present, Z phytonomi is often the key mortality factor reducing H. postica larval populations; 
mortality levels >90% of H. postica larvae are common (Nordin et al 1983, Harcourt et al. 1990, 
Giles et al. 1994a, DeGooyer et al. 1995). The fungus produces up to three generations on H. 
postica larval populations, spreading quickly among the host population by projection of single 
celled sporangia (conidia) from infected cadavers (Nordin et al. 1983, Brown & Nordin 1986, 
Harcourt et al. 1990). Larval densities of 1.7 per stem have been reported to be required for 
disease initiation and epizootics (>50% infection) (Nordin et al. 1983), however, an average of 0.8 
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larvae per stem support epizootics of Z phytonomi during periods of high (7.0 mm/day) rainfall 
(Giles et aL 1994a). The frequency and amount of rainfall during H. posrica larval populations are 
the major factors influencing intracanopy relative humidity, disease initiation, and seasonal 
infection rates of Z phytonomi (Barney & Armbrust 1981, Giles et al. 1994a, Millstein et al. 
1982). Epizootics can be triggered by dew formation on infected cadavers when rainfall levels are 
low (Millstein et al. 1982). Outbreaks of Z phytonomi cause reductions in larval parasitoid 
populations (Los & Allen 1983, Harcourt 1990, Oloumi-Sadaghi et al. 1993, Day 1994). 
Immature parasitoids die within infected H. postica larvae from host depletion by the fungus, and 
hyphal penetration (Harcourt 1990, Day 1994). In Oklahoma, populations of second generation 
Bathyplectes curcuUonis Thomson (Ichneumonidae) were reduced by more than 90% during an 
epizootic of Z phytonomi (Goh et al. 1989b). 
From 1990-1992, Z phytonomi was detected infecting H. postica larval populations in 
central and southcentral Iowa Giles et al. (1994a). Six epizootics (>50% host infection) were 
observed during this 3-year study; five were associated with above-average rainfalL During 
1991, epizootics of Z phytonomi killed between 15% and 61% of field collected H. postica 
larvae. An abundance of rainfall (3.6-7.0 mm/day) enhanced the initiation and spread of Z 
phytonomi. Between 1991 and 1992, mortality of H. posrica larvae from Z phytonomi 
decreased in central Iowa from 61-11%, because of the dry spring of 1992. First occurrence 
(accumulated degree-days above 9°C) of Z phytonomi varied wdth average daily rainfall and 
the frequency of rainfall (ratio of rain days). In 1991, first occurrence of Z phytonomi 
occurred after an average of 182 CDD; subsequently, weevil mortality increased as larval 
populations increased. In 1992, first occurrence occurred after an average of 303 CDD, 
resulting in disease developing on declining larval populations. During epizootics of Z 
phytonomi in Iowa, parasitism by B. curcuUonis and B. anurus Thomson declined. 
However, parasitoids continued to attack H. postica larvae until harvest when disease levels 
were low. 
Parasitoids. Since 1911, federal and state workers have imported and mass released 13 
species of hymenopteran parasitoids throughout the United States in an effort to biologically 
control H. postica (Dysart & Day 1976, Clausen 1978, Burger & Bryan 1991). Eight species of 
parasitoids have been recovered and are considered to be permanently established in the United 
States (Burger & Bryan 1991). They include: the egg parasitoid Pattason luna (Girault) 
(Mymaridae); the larval parasitoids B. curculioms, B. anurus, B. stenostigma, Tetrastichus 
incertus Ratzeburg (Eulophidae); the pupal parasitoid Dibrachoides dynastes Foerster 
(Pteromalidae); and the adult parasitoids Microctonus aethiopoides Loan (Braconidae) and M. 
colesi. The distribution, biology, and impact of these parasitoids have been well documented 
throughout the United States (Dysart & Day 1976, Harcourt et al. 1977, Berberet et aL 1978, 
Latheef et al. 1979, Hogg & Kingsley 1983, Berberet et al. 1987, Harcourt 1990, Burger & Bryan 
1991, Oloumi-Sadeghi 1993, Flanders et al. 1994, DeGooyer et al. 1995, Giles et al. 1994a) 
In Iowa, B. curculionis, B. anurus, T. incertus, M. aethiopoides, and M. colesi are 
established (Burger & Bryan 1991, Kingsley et al. 1993, Giles et al. 1994a). Total parasitism of 
H. postica larvae ranged from 2.2-27.6%; parasitism in southern Iowa (8.6 to 27.6%) was higher 
than that observed in central Iowa (2.2 - 6.2%) (Giles et al. 1994a). Higher levels of parasitism in 
southern Iowa may be caused by the greater number of parasitoid releases made in southern Iowa 
(Burger & Bryan 1991), or milder winters compared with central Iowa (DeGooyer et al. 1996). 
During the period of parasitoid releases in southern Iowa (1975-1987), Kingsley et al. (1993) 
documented increases in percent parasitism by M. aethiopoides while peak H. postica larval 
densities decreased. M. aethiopoides was observed to kill an average of 41.5% of adults in central 
Iowa (Mertins 1984). 
Arthropod Predators. Predation of H. postica by arthropod predators has been well 
documented (Barney & Pass 1986; Hussain 1974; Ouayogode & Davis 1981; Yadava & Shaw 
1968). In alfalfa agroecosystems, arthropod predators from seven insect orders and five spider 
families commonly feed on H. postica (Howell & Pienkowski 1971, Barney & Armbrust 1981, 
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Giles et al. 1994b). H. postica predator densities are highly correlated with H. postica larval 
densities (Evans & Youssef 1992, Giles et al. 1994b). In Iowa, the number of coccinellid and 
hemipteran predators were highly correlated with increasing H. postica larval densities (Giles et al. 
1994b). When predator densities were highest and correlations between predators and H. postica 
larvae were strongest, DeGooyer et al. (1995) documented unexplained mortality between H. 
postica larval stages of 29% in the same alfalfa fields. From 16 April to 7 June at four locations in 
Iowa, Coleomegilla maculata DeGeer adults (Coleoptera: Coccinellidae) were the most abundant 
predators prior to Hrst cutting in alfalfa (Giles et al. 1994b). The number of C. maculata adults 
peaked at more than one per sweep (38 cm diameter sweepnet) on 15 May in central Iowa (1992). 
Other coccinellid species, including Hippodamia convergens Guerin, H. tredecimpmctata Say, H. 
parenthesis Say, Coccinella septempwictata L., Cycloneda munda Say, aniAdalia bipmctata L., 
represented 4.8 to 20.5% of the coccinellids collected. Compared with coccinellid numbers, 
hemipteran predators, including unidentified nabid species and Podisus maculiventris were not 
abundant 
Ground beetles and spiders commonly feed on larval and adult H. postica (Howell & 
Pienkowski 1971, Barney & Pass 1986). Collops bipunctatus Say (Coleoptera: Melyridae) 
prefered H. postica larvae to Acyrthosiphon pisum Harris (Homoptera: Aphididae) (Hussain 
1974). The coccinellids H. convergens, C. maculata, and Coccinella transversoguttata Faldermann 
(Coleoptera: Coccinellidae) prefer A. pisum to H. postica larvae, but often feed on H. postica 
(Yadava & Shaw 1968; Ouayogode & Davis 1981). First and second instaiH.postica are 
preferred to third and fourth instars by C transversoguttata and H. convergens (Ouayogode & 
Davis 1981). 
The suitability of H. postica for coccinellid development, reproduction, and survival was 
investigated by Giles (1992). Larval C. septempunctata, H. convergens, and C. maculata did not 
complete development on H. postica larvae at 26°C [16:8 (L:D)]. However, At 22°C, 38% of C. 
maculata larvae developed to adults following a switch from A. pisum to H. postica larvae at the 
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beginning of the third instar. At 22°C female C. maculata did not lay viable eggs for 34 days when 
fed H. postica larvae. However, survival of C. maculata adults fed H. postica during this 34 day 
period was similar to those fed A. pisum. These studies indicate that C. maculata larvae and adults 
are able to use H. postica larvae as a food source. 
Natural Enemies in H. postica IPM Programs 
As discussed in the general introduction, integrated pest management programs for H. 
postica have successfully relied on the impact of imported hymenopteran parasitoids and a 
native fungal entomopathogen to prevent weevil outbreaks (Day 1981, Steffey & Annbrust 
1991, Harcourt 1990, Harcourt et al. 1990). Because very little is known about the 
interactions between H. postica natural enemies and agronomic practices, few efforts have 
been made to integrate management tactics and post-treatment impacts of natural enemies 
(Shoemaker & Onstad 1981, Ignoffo 1985, Brown & Nordin 1986, Brown 1987, Harper 
1987). 
To determine the selectivity of insecticides (Croft 1990, Greathead 1995) for H. postica 
management, several researchers evaluated the effects of reconmiended rates of insecticides on 
parasitoids. Adult B. curculionis, parasitized H. postica larvae, and adult M. aethiopoides are 
highly susceptible to carbofiiran, carbaryl, malathion, phosmet, and methyl parathion; carbaryl 
was generally least toxic (Wilson & Armbrust 1970, Niemczyk & Flessel 1975, Abu & Ellis 
1977). Over a 4-year period in Pennsylvania, declines in adult B. curculionis numbers and 
larval parasitism were observed in fields treated with methyl parathion (Hower & Luke 1979). 
Long residual insecticides and insecticide applications close to harvest to reduce adult B. 
curculionis numbers and larval parasitism (Davis 1970, Walstrom 1974). However, B. 
curculionis adults rapidly re-colonized treated subplots from untreated refuges in these studies. 
Miller et al. (1973) observed similar levels of parasitism by B. curculionis in plots treated with 
granular phorate and in untreated control plots. In a study examining the impact of harvesting 
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on larval parasitoids. Casagrande & Stehr (1973) observed declines in H. postica and B. 
curculionis populations following harvest 
Supracide, furadan, methyl parathion and methoxychlor were observed to be 2,3, S, 
and 600 times more toxic to adult M. aethiopoides than to adult H. postica (Dumbre & Hower 
1976a). However, pupal M. aethiopoides were 17 to 90 times more tolerant than adults to the 
same insecticides. Dumbre and Hower (1976b) demonstrated that applications of supracide, 
furadan, methyl parathion, and methoxychlor to adult H. postica did not affect reproductive 
potential, adult longevity, or progeny sex ratio of surviving M aethiopoides when parasitoids 
were in the egg or larval stages within hosts. 
Very little work has been conducted to determine the effects of control tactics for H. 
postica supptession on arthropod predators. Methomyl and fenvalerate, applied at full and 
reduced spray volumes (equal kg (AI) / ha) to alfalfa in Missouri, killed similar numbers of 
predatory arthropods (Brandenburg 1985). Brandenbuig concluded that arthropod predators 
encountered a lethal dose of insecticide even when spray coverage was reduced because they 
axe highly mobile. In Alberta, Canada, clear-cutting of alfalfa reduced H. postica larval and 
insect predator numbers, but predator populations were observed to recover rapidly. For 14 
days following treatment, spider populations in Kentucky were significantly reduced by 
applications of carbofuran, dimethoate, and azinphosmethyl (Culin & Yeargan 1979). Howell 
& Pienkowski (1971) demonstrated that less mobile spiders were slow to recolonize harvested 
areas, whereas highly mobile spiders rapidly recolonized harvested areas. 
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CHAPTER 1. FIELD RELEASE OF HYPERA POSTICA GYLLENHAL 
(COLEOPTERA: CURCULIONmAE) LARVAE FOR ENHANCEMENT OF 
ZOOPHTHORA PHYTONOMI ARTHUR (ENTOMOPHTHORALES: 
ENTOMOPHTHORACEAE) 
A paper to be submitted to the Journal of Environmental Entomology 
Kristopher Giles & John Obrycki 
Abstract 
In 1994 and 1995, studies were conducted to initiate local (within 0.09 m^ areas) 
epizootics (>50% infection) of Zoophthora phytonomi Arthur (Entomophthorales: 
Entomophthoraceae) through inoculative host releases of larval Hypera postica Gyllenhal 
(Coleoptera: Curculionidae). H. postica larvae were placed on the ground at densities of 300, 
100, 50, and 0 individuals per 0.09 m^ and 5.5 ram of water was applied daily to enhance 
disease levels. Despite adequate overnight relative humidity for Z phytonomi development 
(>92.5%), no epizootics (<18% infection) were observed for any density treatment In one 
field in 1994, Z phytonomi was first detected in plots where 300 larvae per 0.09 m^ were 
released. Further research on the relationship between Z phytonomi resting spore density, 
epizootic development, and the spatial dynamics of this padiogen are required before 
predictable inoculative larval releases can be successful. 
Introduction 
Several smdies have demonstrated the benefit of augmentative releases of host insects 
on natural enemy effectiveness (Parker 1971, Parker & Pinnell 1972, van Lenteren 1988). 
Host releases, though not widely accepted for integrated pest management, enhance natural 
enemy effectiveness by fostering persistence and optimizing numerical responses (Debach & 
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Rosen 1991). Numerical responses and effective biological control are optimized when 
appropriate natural enemy to host ratios are maintained. Augmentative releases of host insects 
to enhance entomopathogen effectiveness has received less attention (Ignoffo 1985, Debach & 
Rosen 1991). This is primarily due to the lack of detailed information on host/pathogen 
interactions under changing environmental conditions (Ignoffo 1985, Harper 1987, Tanada & 
Kaya 1993). 
The fungal entomopathogen ZoopMiora phytonond Arthur (Entomophthorales: 
Entomophthoraceae) is an important natural enemy of the alfalfa weevil Hypera postica 
Gyllenhal (Coleoptera: Curculionidae) in alfalfa growing regions throughout the United States 
(Harcourt et al. 1990, Burger & Bryan 1991, Goh et al. 1989, Giles et al. 1994, DeGooyer et 
al. 1995). This fungus often causes greater than 90% mortality in alfalfa weevil larval 
populations (Harcourt et aL 1990, Giles et al. 1994). Up to three generations develop on H. 
postica larval populations if environmental conditions are conducive to sporulation (Brown & 
Nordin 1982, Brown & Nordin 1986, Harcourt et al. 19SK), Nordin et al. 1983). The amount 
of rainfall during the presence of H. postica larval populations is the major factor influencing 
first occurrence and seasonal infection rates of Z phytonond (Barney & Armbrust 1981, Giles 
1992, Giles et al. 1994, Giles 1996). Larval densities of 0.7 larvae per stem can support 
epizootics (>50% infection) of the fungus during periods of high (4.3-7.0 mm/day) rainfall 
(Harcourt et al. 1990, Giles et al. 1994). Millstein et aL (1982) demonstrated that three 
successive hours of >91% relative humidity were required to initiate showering of infective 
conidia. However, dew formation on alfalfa weevil cadavers can trigger conidial discharge and 
subsequent spread of disease if relative humidity levels are not above 91% for three hours 
(Millstein et al. 1982). 
The development of manipulative techniques to initiate epizootics of Z phytonomi in 
the field depend greatly on the phenology of the fungus. Infection by Z phytonomi on H. 
postica occurs during the presence of larval populations in the spring (Nordin et al. 1983, 
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Harcourt et al. 1990). However, epizootics have been observed in Ontario in late fall weevil 
populations (Harcourt et al. 1990), which suggests the continuous presence of a fungal 
inoculum. Therefore, manipulation of Z phytonomi infection levels could be potentially 
enhanced by manipulating host numbers and environmental conditions. The important step in 
initiating Z phytonomi epizootics on larval populations may be the presence of larvae on the 
soil surface diuing moist conditions, where the fungal inoculum occurs (Steve Roberts 
personal communication, Johnson et al. 1984). Early epizootics created by local inoculative H. 
postica larval releases could aid in the initiation of field-wide epizootics and cycling of Z 
phytonomi (Ignoffo 1985, Harper 1987, Carruthers & Soper 1987). Early season infection at 
local foci could serve as the first of several generations of Z phytonomi; the final generation 
resulting in an epizootic, optimally before or during peak H. postica larval densities. Indeed, 
epizootics have been observed to reduce peak larval numbers in Iowa (Giles et aL 1994). The 
objective of this study was to initiate local epizootics of Zoophthora phytonomi through 
inoculative host releases. 
Materials and Methods 
Studies were conducted in two alfalfa fields in Central Iowa; in 1994 at a private 
grower's (Allan Bentley) field (5.0 km SW of Ames) and at the ISU Johnson Farm (1.8 km S 
of Ames) in 1994 and 1995. To estimate the development of naturally occurring H. postica 
larval populations and first occurrence of Z phytonomi, maximum and minimum air 
temperatures within 11 km W of Ames (Iowa Climate Review 1994, 1995) were used to 
estimate degree day accumulation (CDD) above a base temperature of 9°C (48°F) after 1 
January (Litsinger & Apple 1973, Wedberg et al. 1980, Nordin et al. 1983, Giles et al. 1994). 
In 1994, H. postica larval releases were made after the accumulation of 26 CDD (31 March) at 
Allan Bentley's farm, and after 285 CDD (15 May) at the Johnson Farm. These release dates 
were chosen to represent times when naturally occurring H. postica larval populations were not 
present (26 CDD), and near the beginning (285 CDD) of larval populations (DeGooyer et al. 
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1996). Within each of four 6.1m x 6. Im blocks, field collected and/ or laboratory reared H. 
posttca larvae were placed on the ground within a randomly determined 0.09 m^ plot of alfalfa 
at densities of 300,100,50, or 0 individuals per 0.09 m^. Field collected larvae were held for 
10 days at 10-15°C to prevent release of individuals already infected with Z phytonom. From 
5-8 days are required for the incubation of Z phytonomi within H. postica larvae (Watson et 
al. 1981, Nordin et al. 1983, Harcourt et al. 1990). In 1995, within each block (6.1m x 
6.1m), laboratory reared H. postica larvae were placed on the ground after 266 CDD in 
randomly placed 0.09 m^ plots of alfalfa at densities of 300 and 0 individuals per 0.09 m^. In 
each field, the number of stems per 0.09 m^ was estimated by stem counts of ten 0.09 m^ 
areas. 
Each 0.09 m^ area received 5.5 mm of de-ionized water daily (1900-2000 h) using a 
hand held sprayer. This daily water accimiulation was chosen to enhance disease levels, 
because it represents above average rainfall for central Iowa (Giles et al. 1994). Water was 
applied in the evening to increase overnight moisture levels, because showering of infective 
conidia has been observed to occur in early morning hours before sunrise (Millstein et al. 
1982). To increase humidity levels in 1994, two of the replicates of each release rate were 
covered from approximately 2000 to 0700 h by rectangular 0.1 m^ plastic buckets. Relative 
humidity levels were monitored in covered and uncovered 0.09 m^ areas with micro-
hygrometers (Airguide®). Up to ten larvae firom each plot were collected by hand on 2-3 
sampling dales (Table 1), and reared in 0.5 pint cardboard cages (Neptune Paper Products, 
New Jersey) on alfalfa at 24°C and a photoperiod of 16:8 (L:D) h to determine infection rates. 
Larvae collected from plots not receiving larval inoculations (controls) were namrally 
occurring. 
Prevalence values for Z phytonomi among density treatments and for effects of 
buckets were normalized (arcsine [SQRT of prevalence]) and analyzed by analysis of variance 
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(PROC GLM, SAS 1985). Treatment means (LSMEANS) for Z phytonomi prevalence were 
compared by the least significant difference test (STDERR PDIFF). Voucher specimens 
(alfalfa weevil adults and larvae infected with Z phytonomi are deposited in the Department of 
Entomology Insect Collection, Iowa State University, Ames Iowa-
Results and Discussion 
April 1994. The average relative humidity at 07(X) h on sampling days was sufficient 
for conidial discharge under plastic buckets (92.5 ± 1.5%) and in exposed plots (93 ± 3.2%). 
Stand density was estimated at 86 ± 4.4 stems per 0.09 m^; larval densities from releases were 
above 0.7 per stem in two treatments (releases of 100 and 300). However, the larvae collected 
and reared from release plots in April were not infected by Z phytonomi (Table 1). Despite the 
application of above average levels of precipitation, extremely low ambient relative humidity in 
the relatively short alfalfa canopy (7-18 cm) during the day (15-45% as measured by micro-
hygrometers) may have prevented Z phytonomi infections in small plots. Additionally, 
temperatures were below freezing on five nights during this study, which would also limit 
fungal activity (Millstein et al. 1982). 
It has been observed that fields with a history of Z phytonomi epizootics are more 
likely to produce future epizootics because they contain resting spores; a source of inoculum 
(Harcourt et al. 1990). The field chosen for April 1994 releases was 2 years old and had a 
history of H. postica larval populations (A. Bentley, personal communication) but no 
documented cases of infection by Z phytonomi. Possibly, no previous levels of infection had 
occurred in this field and Z phytonomi was not present. This seems unlikely because Z 
phytonomi has been observed to spread rapidly among fields (Brown & Nordin 1986), and 
several older alfalfa fields were within 2 km, including fields with documented epizootics 
(Giles et al. 1994). 
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May 1994. The average relative humidity at 0700 h was sufficient for conidial 
discharge under plastic buckets (94.3 ± 2.6%) and in exposed plots (93.3 ± 1.3%), and larval 
densities in release plots were above 0.7 per stem; stand density was 41 ± 5.1 stems per 0.09 
The use of buckets to increase relative humidity had no effect on disease prevalence 
among plots (F < 2.2, df = 1,12, P > 0.166). Diseased larvae were first detected in the high 
density (300) inoculation plots after 257 CDD, in aU inoculation plots after 297 CDD, and in 
inoculation plots for each density treatment and control plots after 337 CDD (Table 1). The 
high release density may have affected the initiation of disease in release plots after 257 CDD 
{F = 3.0, df = 3,9, P = 0.088), however, epizootics (>50% infection) did not develop in these 
plots during this smdy (Table 1). The field chosen for May 1994 releases (Johnson Farm) was 
5-7 years old and had a previously documented epizootic of Z phytonomi (Giles et al. 1994). 
May-June 1995. The average relative humidity on sampling dates was sufficient for 
conidial discharge in exposed plots (99-100%), and larval densities in the 300 larvae release 
plots were above 0.7 per stem; stand density was 93 ± 5.1 stems per 0.09 m^). Diseased 
larvae were detected in the high density release plots and control plots after 310 CDD, but only 
in the high density release plots after 348 CDD (Table 1). The high release density may have 
affected the persistence of disease in release plots, but epizootics did not develop during this 
study (Table 1). The field chosen for 1995 releases was planted in the fall of 1994 in the 
Johnson farm field studied in 1994 and should have contained Z phytonomi (Giles et al. 
1994). 
In this study, we were unable to initiate epizoodcs of Z phytonomi through H. postica 
larval inoculations in 0.09 m^ plots of alfalfa. A critical factor for successfully increasing 
disease levels through inoculative H. postica larval releases may be an understanding of the 
spatial scale required for epizootic development of Z phytonomi. Larval densities above the 
epizootic threshold at scales larger than plots used our study may be required for epizootic 
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development (Brown & Nordin 1986). The development of Z phytonomi epizootics in 0.1 
plots may requite input of infective conidia from infected larvae from surrounding alfalfa. 
Brown and Nordin (1986) suggested that areas as large as 1800 m^ may be needed for 
manipulative studies because of the spatial characteristics and apparent random locus formation 
of Z phytonomi. However, the spatial scale required for epizootic development should vary 
based on host density, pathogen density, and environmental conditions (Ignoffo 198S, Benz 
1987, Harper 1987, Tanada & Kaya 1993). In our study, host density and environmental 
conditions were manipulated to enhance the potential for an epizootic, however, pathogen 
density was not determined. Knowledge of the relationship between Z phytonomi resting 
spore density and epizootic development is also critical for successful inoculative larval 
releases. If predictable relationships between Z phytonomi resting spore density and 
epizootic phenology are known, alfalfa fields and or areas within fields with potential for 
epizootic development could be identified and host inoculations could be coordinated with Z 
phytonomi spatial aiid temporal development 
Understanding the phenology of Z phytonomi in the early spring, when larval 
populations are increasing, is critical for the development of manipulative techniques designed 
to initiate epizootics in a field that are well synchronized with increasing H. postica larval 
populations. This information can be used to test the el^ectiveness of disease initiation 
techniques such as inoculative host releases by incorporating Z phytonomi phenology into 
release strategies. Parker (1971) demonstrated that periodic releases of the imported 
cabbageworm Pieris rapae L. were critical for maintenance of parasitoid populations and 
successful biological control. Because parasitoids actively searched for hosts (P. rapae) in this 
experiment, they distribute themselves appropriately for successful host suppression. 
Entomopathogens such as Z phytonomi, however, do not search for hosts, and the spatial 
distribution of hosts and the pathogen are considered critical for epizootic development (Brown 
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& Nordin 1986, Brown 1987). Further research on the spatial dynamics of Z phytonomi is 
required before predictable recommendations on augmentative host releases can be made. 
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Table 1. Percentage H. postica larvae infected with Z. phytonomi ± SE (F ' versus control) after larval 
releases, 1994 & 1995. 
Date (CDD)" 0 
H. postica larval release densities 
50 100 300 ANOVA 
3/31/94 (26) (Release) 
4/3/94 (32) 
4/6/94 (37) 
4/9/94 (46) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5/15/94 (238) (Release) 
5/18/94(257) 0 
5/22/94 (297) 0 
5/25/94 (337) 5.0 ± 3.5 
0 (1.000) 
6.6 ±4.1 (0.189) 
8.6 ± 5.0 (0.859) 
0 (1.000) 
2.5 ± 2.5 (0.445) 
3.1 ± 3.1 (0.405) 
5.0 ± 2.9 (0.037) 
7.2 ±2.7 (0.124) 
9.5 ± 3.7 (0.886) 
F = 3.0, df = 3,9, P = 0.088 
F= 1.3, df = 3,7,/» = 0.359 
F = 0.7, df = 3,7, P = 0.602 
5/31/95 (260) (Release) 
6/6/95 (310) 6.6 ± 3.8 
6/9/95 (348) 0 
11.3 ±3.1 (0.106) F = 5.2.df= 1,3, P = 0.106 
12.6 ±7.3 (0.217) F = 3.2,df= 1,2, P = 0.217 
® P value versus control for LSD test (STDERR PDIFF). 
" Degree day accumulation (CDD) above a base temperature of 9°C (48°F) after 1 January (Litsinger & Apple 1973, Wedberg et al. 
1980). 
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CHAPTER 2. TRANSMISSION AND DEVELOPMENT OF ZOOPHTHORA 
PHYTONOMI ARTHUR (ENTOMOPHTHORALES: 
ENTOMOPHTHORACEAE) IN HYPERA POSTICA GYLLENHAL 
(COLEOPTERA: CURCULIONIDAE) LARVAE EXPOSED TO AN 
INSECTICIDE 
A paper to be submitted to the Journal of Insect Pathology 
Kristopher Giles & John Obrycki 
Abstract 
A laboratory study was conducted to determine if application of Lorsban 4E 
(chlorpyrofos) to Hypera postica larvae inhibits transmission of Zoophtiwra phytonom Arthur 
(Entomophthorales: Entomophthoraceae). Lorsban 4E was applied to H. postica larvae at ca. 
0.14,0.28,0.56, and 1.120 kg (AI) / ha prior to exposure to H. postica cadavers infected with 
Z phytonom. Larval survival decreased linearly with increased rates of insecticide after 24, 
48, 72, and 96 hours (R^ > 0.318, df = 1,18, P < 0.010). Two larvae treated with 0.14 kg 
(AI) / ha of insecticide became infected with Z phytonomi following exposure to infected 
cadavers, however, presence of the fungus in larvae treated with higher rates was not detected. 
Our study demonstrates that transmission and development of Z phytonomi occurs in H. 
postica larvae exposed to low rates of Lorsban 4E. Compatibility of these two mortality factors 
may allow for a more integrated pest management program for H. postica. 
Introduction 
Fungal entomopathogens are often key regulating factors of insect pest populations 
(Harper 1987, Tanada & Kaya 1993). However, mortality by these fungi is seldom 
incorporated into pest management programs, because little is known about the interactions 
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between pathogen phenology and agronomic practices (Brown 1987, Harper 1987). 
Insecticides used for pest suppression may be antagonistic to fungal entomopathogens because 
they directly inhibit fungal growth or reduce host density below epizootic (epidemics) 
thresholds (Olmert & Kenneth 1974, Merriam & Axtell 1983, Benz 1987). 
Previous studies have examined the antagonistic properties of insecticides on several 
species of fungal entomopathogens. For example, chlorpyrifos inhibits growth of Lagenidium 
giganteum (Oomycetes: Lagenidiales) in laboratory culnires but does not inhibit germination of 
Beauveria bassiana (Merriam & Axtell 1983, Olmert & Kenneth 1974). Under laboratory 
conditions, carbaiyl inhibits growth of several E^tomophthora species and L giganteum, 
whereas permethrin is non-toxic to L giganteum (Soper et aL 1974, Merriam & Axtell 1983). 
In a field study, carbaryl reduced host numbers below the epizootic threshold and was 
indirectly antagonistic to the development of Nomuraea rileyi, a fimgal pathogen of the 
velvetbean caterpillar (Johnson et al. 1976). Also, when methyl parathion was used to 
suppress early season larval populations of Hypera postica Gyllenhal (Coleoptera: 
Curculionidae), low host numbers delayed first occurrence of Zoophthora phytononu Arthur 
(Entomophthorales: Entomophthoraceae) and reduced the effect of the fungus (Brown & 
Nordin 1986). 
Despite the significance of these studies for understanding insecticide-entomopathogen 
interactions, no studies have examined the direct effect of insecticide ^plications on 
transmission of fungal entomopathogens among hosts. That is, are insects exposed to 
insecticides suitable for fungal penetration, growth and reproduction? The objective of this 
study was to determine if transmission of Z phytonomi among hosts is affected by insecticide 
applications to H. postica larvae. 
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Materials and Methods 
Under a laboratory hood on filter paper, 10 laboratory reared alfalfa weevil larvae (2nd 
& 3rd instars) were treated with a 2ml solution of Lorsban 4 E® at ca. 0.14,0.28,0.56, and 
1.12 (recommended rate) kg (AI) / ha using hand held sprayers. Additionally, one group of 10 
larvae were treated with 2ml of water, and two groups of 10 larvae served as controls. 
Treatments, including controls, were replicated four times. Treated larvae were immediately 
placed into inverted petri dish lids (diameter 90mm) with fresh filter paper and alfalfa foliage. 
The bottom of each petri dish was filled with water agar (8% agar) and contained two alfalfa 
weevil larva infected with Z phytonomi (Type 1 infections, see Harcourt et al. 1990). The 
bonom of the dish then was placed onto the petri dish lid above treated larvae and sealed with 
parafilm. This method of horizontal transmission of Z phytonomi is termed the "shower 
technique", because hydrated infected larvae (from the water agar) produce conidia diat shower 
onto non-infected larvae (Watson et al 1981). Dishes were held at 24°C in darkness for 24 
hours to promote conidial production. Live H. postica larvae then were transferred to 0.5 pint 
cardboard cages (Neptune Paper Products, New Jersey) and reared at 24°C and a photoperiod 
of 16:8 (L:D) h on greenhouse grown alfalfa (changed daily) to determine insecticide mortality 
and infection rates of Z phytonomi for each treatment Feeding was noted, and survival was 
recorded after 24,48,72, and 96 h. Larvae were considered dead when they did not respond 
to repeated probing with soft forceps. Infections of H. postica larvae by Z phytonomi were 
identiHed after 10 days using cadaver characteristics and dissections (Watson et al 1981, 
Harcourt 1990). Type-1 (conidia producing) cadavers were tan and attached to alfalfa leaves or 
to tlie cardboard cages by protruding rhizoids. Type-2 cadavers were black and filled with 
resting spores. Prevalence of infection by Z phytonomi was determined by dividing the 
number of infected larvae by the number of larvae per replicate. 
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Survival percentages after 24,48,72, and 96 h of H. postica larvae were transformed 
(arcsine [SQRT of percentage]) and analyzed by ANOVA for each day (PROC GLM, SAS 
1985). Prevalence values for Z phytonomi were transformed (arcsine [SQRT of prevalence]) 
and analyzed by ANOVA (PR(X; GLM, SAS 1985). Treatment means (LSMEANS) for H. 
postica survival and prevalence of Z phytonomi were separated by the least significant 
difference test (STDERR PDIFF). Relationships between transformed H. postica survival (for 
each day) and Z phytonomi prevalence were analyzed by linear regression for each sample 
date (PROC REG, SAS 1985). 
Voucher specimens (alfalfa weevil adults, dead larvae, and larvae infected with Z 
phytonomi) are deposited in the Department of Entomology Insect Collection, Iowa State 
University, Ames Iowa. 
Results and Discussion 
H. postica Survival. For all post-treatment sampling times, larval survival at ail rates of 
Lorsban for all post-treatment sampling times were lower than control and water treatments 
(Table 1). Larval survival decreased linearly with increased rates of Lorsban 4E for all post-
treatment sampling times, but the relationship became weaker over time (Table 1). In the 
insecticide treatments, feeding damage on leaves was noted after 24 hours for larvae treated 
with 0.14 and 0.28 kg (AI) / ha, and after 48,72, and 96 hours for larvae treated with 0.14 kg 
(AI) / ha. Survival of larvae treated by direct application was low, but a small percentage of 
larvae treated with 0.14 and 0.56 kg (AI) / ha survived 96 hours. Survival of larvae treated 
with lower rates in field situations, however, may be higher because the alfalfa canopy reduces 
the potential for direct contact of insecticide with larvae. In a field study, Giles (1996) 
observed 35% reduction in H. postica larval populations in alfalfa 2 days after treatment with 
Lorsban 4E at 0.14 kg (AI) / ha and a 69% reduction after treatment with Lorsban 4E at 0.56 
kg (AI) / ha. 
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Transmission ofZ. phytonomi. Transmission of Z phytonomi differed among 
treatments (F = 2.5; df = 5, 18; P = 0.072, Fig. 1). Prevalence of Z phytonomi linearly 
decreased with increased rates of Lorsban 4E, but the relationship was weak (R2 = 0.196; df = 
1,18, slope = -2.1; P = 0.051). Larvae exposed to water and control larvae became infected 
(7.5 ± 2.5%) with Z phytonomi (Fig. 1). Two larvae treated with Lorsban at 0.14 kg (AI) / 
ha developed Z phytonomi resting spores (Harcourt et al. 1990), however, presence of the 
fungus in larvae treated with higher rates was not detected. Larvae treated with these higher 
rates may have been exposed to infective conidia during the "showering" interval, but appeared 
to have died from insecticide before detectable levels (from dissections and cadaver 
characteristics) of fungus could develop. The incubation period for Z phytonomi (for visual 
identification of infected cadavers) is from 5-8 days (Watson et al. 1981, Nordin et al. 1983, 
Harcourt et al. 1990). 
TTie percentage of H. postica larvae infected from the "shower technique" for control 
and water treatments was lower than expected. Watson et al. (1981) observed infection levels 
of 95% with this technique. Infected larvae used in this study were 8 months old (stored at 
room temperature), which may have affected conidia production. Recently killed cadavers 
(type 1 infections) readily produce conidia when hydrated (Watson et al. 1981), however, it 
has not been determined how long the fungus is viable in this stage and how conidia 
production is affected by prolonged storage. This study indicates that viability is at least 8 
months, but production of viable conidia (as measured by infection levels) may have 
decreased. Both type-1 (conidia producing) and type-2 (resting spore producing) cadavers 
developed during our study. Cadaver type was dependent on instar, as described by Watson et 
al. (1981); the two type-1 cadavers were second instars, whereas type-2 cadavers were third 
and fourth instars. 
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When fungal entomopathogens are important regulators of insect pests, modifications 
in control practices that favor disease in pest populations can reduce insecticide use (Benz 
1987). Reduced rates of insecticides may cause sub-lethal effects on surviving H. posrica 
larvae that delay feeding or stimulate active movement to the ground. Delayed feeding would 
decrease injury to alfalfa, providing time for the spread of Z phytonomi. Active movement of 
H. postica larvae to the ground would increase the number of larvae contacting Z phytonomi 
(Johnson et al. 1984) and result in increased fungal mortality. If insecticides do not inhibit 
fungal activity and transmission, use of reduced rates of insecticides would maximize 
combined mortality with Z phytonomi. In a field study, Giles (1996) observed that combined 
H. postica mortality (insecticide and Z phytonomi) in plots treated with Lorsban 4E at 0.140, 
0.280,0.560, and 1.120 (recommended rate) kg (AI) / ha was 7.5 to 25.3% higher than in 
control plots. This laboratory study indicates that transmission of Z phytonomi can occur 
when H. postica larvae are exposed to low rates of Lorsban 4E. I did not determine if the 
higher rates of insecticides directiy inhibited conidia survival and peneuiation, or if larvae 
exposed to these rates died quickly and were not suitable for the development of Z phytonomi 
in cadavers. Further laboratory experiments with recently infected cadavers will reveal 
interactions between insecticide use and disease levels that might be observed during a natural 
epizootic of Z phytonomi. 
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Fig. 1. Percentage H. postica larvae infected with Z phytonomi ± SE (P versus control) following U'catment with Lorsban 4 
E® at ca. 0.14,0.28,0.56, and 1.120 kg (AI) / ha and exposure to cadavers infected with Z phytonomi. 
%z. phytonomi 
in fJi 
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Table 1. Percentage H. postica larvae alive ± SE (F' versus control) following treatment with 
Lorsban 4 E®. 
Hours after treatment 
24j! 4aji Z2Ji 
Control 100 ±0.0 92.5 ± 3.7 87.5 ±4.5 80.0 ±5.3 
Lorsban 
0.14 kg 30.0 ± 9.1 (0.000) 15.0 ± 2.9 (0.000) 10.0 ± 4.1 (0.000) 5.0 ± 2.9 (0.000) 
0.28 kg 22.5 ± 7.5 (0.000) 12.5 ± 6.3 (0.000) 0±0 (0.000) 0 ± 0 (0.000) 
0.56 kg 10.0 ± 4.1 (0.000) 5.0 ± 5.0 (0.000) 2.5 ± 2.5 (0.000) 2.5 ± 2.5 (0.000) 
1.12 kg 0 ± 0.0 (0.000) 0 ± 0(0.000) 0 ± 0 (0.000) 0 ±0(0.000) 
Water 1001 0.0(1.000) 97.5 ± 2.5 (0.078) 95.0 ±2.9 (0.159) 90.0 ±5.8 (0.167) 
ANOVA F= 101.8 F = 53.8 F = 61.6 F = 40.7 
df=5, 18 df=5, 18 0
0 II •
o df=5, 18 
P = 0.000 P = 0.000 P = 0.000 P = 0.000 
Regression = 0.605 = 0.486 R  ^ = 0.364 = 0.318 
o
. II 00
 
rif = 1, 18 df= 1, 18 a.
 
II 00
 
slope = -5.2 slope = -4.1 slope = -3.2 slope = -2.9 
P = 0.000 0.001 P = 0.005 P = 0.010 
' P value LSD test (STDERR PDIFF). 
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CHAPTER 3. INFLUENCE OF REDUCED INSECTICIDE RATES AND 
STRIP-HARVESTING ON ALFALFA WEEVIL LARVAL POPULATIONS 
AND PREVALENCE OF ZOOPHTHORA PHYTONOMI ARTHUR 
(ENTOMOPHTHORALES: ENTOMOPHTHORACEAE) 
A paper submitted to the Journal of Economic Entomology 
Kristopher Giles & John Obrycki 
Abstract 
In 1994 and 1995, the effects of reduced insecticide rates and harvesting on Hypera 
postica Gyllenhal (Coleoptera: Curculionidae) larval populations and prevalence of the fimgal 
entomopathogen Zoophihora phytonomi Arthur (Entomophthorales: Entomophthoraceae) were 
evaluated in (3m x 9m) alfalfa strips. Insecticide and harvest treatments were timed with 
predicted first occurrence of Z phytonomi to maximize combined mortality. In Chariton, 
Iowa (1995), Lorsban 4 E® (Chlorpyrofos) applied at 0.140,0.280,0.560, and 1.120 
(recommended rate) kg (AI) / ha and Pounce 3.2 EC ® (permethrin) applied at 0.112 and 
0.224 (maximum recommended rate) kg (AI) / ha reduced peak H. postica densities by more 
than 41% compared with control plots during an epizootic (> 50% infection) of Z phytonomi. 
Combined H. postica mortality was additive (insecticide and Z phytonomi) in plots treated 
with Lorsban and Pounce and was 7.5 to 25.3% higher than in control plots. In Ames, Iowa 
(1994 and 1995), Lorsban, Pounce, and harvesting (1994) reduced H. postica densities during 
an enzootic (< 50% infection) of Z phytonomi-, however, because of low levels of Z 
phytonomi, combined mortality with treatments was negligible. This study demonstrates 
effective integrated management of H. postica by combining predictable mortality from Z 
phytonomi and reduced rates of insecticides. The critical components of this integration are (1) 
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predictable levels of H. postica mortality by Z phytonomi and (2) predictable mortality of 
weevil populations from reduced insecticide rates and strip-harvesting. 
Introduction 
The fungal entoraopathogen Zoophthora phytonomi Arthur (Entomophthorales: 
Entomophthoraceae) is an important naturally occurring biological control agent of the alfalfa 
weevil Hypera postica Gyllenhal (Coleoptera: Curculionidae) in North America (Barney & 
Armbrust 1981, Harcourt et aL 1990). This fungus was first reported in Ontario in 1974 and 
has subsequently spread to alfalfa growing regions throughout the United States, often causing 
>90% mortality of H. postica larvae (Burger & Bryan 1991, Harcourt et al. 1974, Harcourt et 
al. 1990, Giles 1992, Giles et al. 1994a). Zoophthora phytonomi is often the key mortality 
factor regulating H. postica populations; however, epizootics are often observed on declining 
larval populations (Brandenburg 1985, Harcourt et al. 1990, Giles et al. 1994a). Brandenburg 
(1985) questioned the effectiveness of Z phytonomi in Missouri because epizootics occurred 
after peak larval populations and did not prevent economic damage to alfalfa. Giles et al. 
(1994a), however, observed epizootics in Iowa on increasing and peak larval populations 
during periods of high (6.5-7.0 mm/day) rainfall. 
The development of strategies to incorporate Z phytonomi into H. postica management 
programs has been largely ignored despite the quantitative understanding of its phenology (BroAvn 
& Nordin 1986, Harcourt et al. 1990, Nordin et al. 1983, Giles et al. 1994a). This is due, in part, 
to the lack of detailed information on the interactions between Z phytonomi and agronomic 
practices (Brown & Nordin 1986, Brown 1987, Harper 1987). One exception, a model developed 
by Brown and Nordin (1982), included Z phytonomi as a component of an alfalfa weevil 
management program in Kentucky (Brown 1987). This management model used early-season 
economic thresholds and insecticide applications, followed by early harvesting. In a 1 year study, 
early harvesting was timed with predicted first occurrence of Z phytonomi to enhance disease 
levels within windrows (cut and raked alfalfa), where larvae are concentrated in high relative 
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humidity microenvironments (Brown & Nordin 1986). Harvesting reduced weevil populations 
and epizootics of Z phytonomi killed surviving H. postica larvae, eliminating postharvest weevil 
populations. But, when insecticide applications were used to suppress early season larval 
populations, low weevil densities delayed first occurrence of Z phytonomi and reduced the impact 
of the fungus (Brown & Nordin 1986, Brown 1987). No other studies have examined the 
interactions between management tactics (e.g. insecticide or harvesting) and the prevalence of Z 
phytonomi on alfalfa weevil populations. 
Brown and Nordin (1986) suggested that properly timed partial cuts or strip cutting 
could induce Z phytonomi epizootics within harvested areas, that would subsequently spread 
to un-harvested areas. Early partial or strip harvesting would allow portions of a field to grow 
to maturity, conserving natural enemies (Summers et al. 1981), increasing yields (compared 
with early harvest of the entire field), and potentially increasing stand life (Latheef et al. 1988, 
Latheef et al. 1992). Similar results could be achieved by using properly timed reduced rates 
of insecticide applications in an entire field, or within sprayed strips (full or reduced rates). 
Additionally, by using reduced rates of insecticides to maintain low larval densities 
(approximately 2 larvae per stem) for Z phytonomi would potentially increase yields because 
of the overcompensatory growth of alfalfa (Hintz et al. 1976, Godfrey & Yeargan 1987, 
Weaver et al. 1993). 
The alfalfa weevil is attacked by a complex of natural enemies including Hymenopteran 
parasitoids and arthropod predators (Giles et al. 1994a, Giles et al. 1994b). The impact of 
reduced insecticide rates and strip harvesting on larval parasitoids and arthropod predators was 
investigated in a companion study (Giles 1996, Paper 4 & 5). The objective of this study was 
to quantify the effects and interactions of reduced insecticide rates and strip harvesting on 
alfalfa weevil population density and prevalence of Z phytonomi in treated and adjacent 
untreated alfalfa growth. 
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Materials and Methods 
Environmental Conditions. Daily temperatures and rainfall were obtained from 
Lucas (ISU McNay Research Center, 1 km E of field site) and Story (ISU Agronomy Farm, 
11 km W of field site) County research stations and were tabulated each year (Iowa Climate 
Review 1994,1995). Maximum and minimum air temperatures were used to estimate degree 
day accumulation (CDD) above a base temperature of 9°C (48°F) after 1 January (Litsinger & 
Apple 1973, Wedberg et al. 1980). 
1994. An alfalfa (Medicago sativa L.) field in Story County (Central Iowa) at the 
Iowa State University [ISU Beef Teaching Unit (3 km SW of Ames)] was divided into four 
blocks (69 m X 57 m). Each block was separated by 100-125 m and divided into twenty plots 
(15 m wide x 9 m long) in a four by five arrangement (Fig. 1-A). All plots were separated by 
3 m and divided into five subplots (3 m wide x 9 m long) arranged north to south. Within 
blocks, insecticide, H2O, strip harvesting treatments, and untreated controls were assigned 
randomly to plots. Treatments were applied to designated subplots (described below) to 
measure treatment effects on the prevalence of Z phytonomi within treated plots and adjacent 
untreated subplots. Insecticide treatments were: Lorsban 4 E® (chlorpyrofos) at 0.140, 
0.280,0.560, and 1.120 (recommended rate) kg (AI) / ha; Pounce 3.2 EC ® (permethrin) at 
0.112 and 0.224 (maximum recommended rate) kg (AI) / ha; and M-Pede® (an insecticidal 
soap from Mycogen Corporation) at 0.231,0.463,0.927, and 1.851 (recommended rate) kg 
(AI) / ha. Lorsban 4 E and Pounce 3.2 EC were used because both are registered for use 
against H. postica, and Lorsban 4 E has significantly greater fungicidal activity than Pounce 
3.2 EC (Merriam & Axtell 1983). 
Within each plot treated with insecticide or H2O, subplots 2 & 4 received an application 
(Fig. 1-A). One strip-harvest treatment was replicated twice within each block and consisted of 
mowing (swath-cutting and crimping with a John Deere® mechanical mower) and windrowing 
(raking cut alfalfa into the middle of subplots) subplots 2 & 4 (Fig. 1-A). Three control plots 
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per block received no treatment Five plots per block received no treatment and were not 
sampled. Harvest treatments were on 20 May [282 Celsius degree-days (CDD)] for all blocks, 
whereas insecticide and H2O treatments were applied on 21 May (287 CDD) for blocks 1 & 2 
and 22 May (297 CDD) for blocks 3 & 4. 
All subplots were sampled by using a sweep-net (20 sweeps per subplot) along 
separate linear transacts before treatment on 19 May (267 CDD) and every 2-3 days after 
treatment from 19 to 30 May. Post-treatment samples occurred on 23 May (323 CDD), 25 
May (345 CDD), 27 May (359 CDD), and 29 May (378 CDD). The first post-treatment 
samples in harvested (windrowed) subplots were collected by sweep-net from under the 
windrow (the windrow was temporarily raked to one side); subsequent samples were collected 
by sweep-net along separate linear transacts in the alfalfa regrowth within the subplot Sweep 
samples were bagged, placed in chilled coolers, and transported to the laboratory for sorting. 
From each sample, H. postica larvae were counted and 11 ± 6 (Std. Dev.) larvae were 
randomly collected and reared together at approximately 24°C and a photoperiod of 16:8 (L:D) 
h on field collected alfalfa in 0.5 pint cardboard cages (Neptune Paper Products, New Jersey). 
Low relative humidity conditions during rearing (20-50%) prevented cross infection by Z 
phytonomi in paper cages (Millstein et al. 1982); this was verified by absence of conidia from 
infected cadavers in samples. Infections of H. postica larvae by Z phytonomi were identified 
using cadaver characteristics (Harcourt 1990). Prevalence of infection by Z phytonomi was 
determined by dividing the number of infected larvae by the number of larvae reared per 
subplot Epizootics of Z phytonomi were defined as infection rates exceeding 50% (Harcourt 
et al. 1990); enzootics were infection rates below 50%. 
For comparison to sweep-sample data, H. postica larval populations and Z phytonomi 
prevalence were quantitatively monitored in two separate 49m x 49m plots based on methods 
described by Guppy et aL (1975). One 49m x 49m plot was located within 100m of blocks 1 
& 2, and the second 49m x 49m plot was located within 100m of blocks 3 & 4. On each 
sampling date (above), four six-stem samples were collected from each of eight subplots (24.5 
m X 12.3 m) within a randomly thrown 0.09 nfi sampling frame. These samples were bagged, 
placed in a chilled cooler, and transported to the laboratory. Up to 10 H. postica larvae from 
each subplot were systematically collected (first 10 larvae observed), individually reared in 
glass vials on field collected alfalfa (fed every three days) at 24®C and a photoperiod of 16:8 
(L:D) h, and monitored for presence of Z phytonomi. The remaining stems and foliage from 
each subplot were placed into modified Berlese-Tulgren funnels to extract remaining larvae for 
population estimates (DeGooyer et al. 1996). 
1995. In 1995, alfalfa fields in Lucas County (Southern Iowa) at the ISU McNay 
Research Center (8 km W of Chariton) and Story County at the ISU Johnson Farm (1.8 km S 
of Ames) were each divided into four blocks (45 m x 33 m) separated by 10 m. Each block 
was divided into twelve plots (9 m x 9 m) in a four by three arrangement (Fig. 1-B). All plots 
were separated by 3 m and divided into three subplots (3 m wide x 9 m long) arranged north to 
south (Fig. 1-B). Within blocks, insecticide, H2O, strip harvesting, and control treatments 
were assigned randomly to plots (described below). Because of its ineffectiveness against 
alfalfa weevil larvae in 1994 field applications, M-Pede was dropped from the 1995 study. In 
1995, liquid Sevin® (carbaryl) was added as a treatment because it is registered for use against 
H. postica and has fungicidal toxicity intermediate between Lorsban 4 E and Pounce 3.2 EC 
(Merriam & Axtell 1983). Chemical treatments consisted of: Lorsban 4 E at 0.140,0.280, 
0.560, and 1.120 kg (AI) / ha; Poimce 3.2 EC at 0.112 and 0.224 kg (AI) / ha; and Liquid 
Sevin at 0.361 and 0.722 kg (1/2 recommended rate) (AI) / ha. 
Within each plot treated with insecticide or H2O, subplot 2 received an ^plication (Fig. 
1-B). Due to equipment failure, the harvest treatment at the Lucas County site was canceled. 
In Story County, the harvest treatment was replicated twice per block and consisted of swath-
cutting (with a cycle-bar cutter or weed-eater®) and raking (windrowing) alfalfa foliage to the 
middle of subplot 2 (Fig. 1-B). Control plots were replicated once for each block in Story 
44 
County. In Lucas County, insecticide and H2O treatments were applied on 23 May (223 
CDD), whereas in Story County insecticide, H2O, and harvest treatments were applied on 29 
May (233 CDD). 
All subplots were sampled by sweep-net (20 sweeps per subplot) along separate linear 
transacts before treatment on 21 May (208 CDD) in Lucas County and on 26 May (213 CDD) 
in Story County. In Lucas County, post-treatment samples were on 25 May (227 CDD), 29 
May (250 CDD), 3 June (291 CDD), and 7 June (337 CDD). In Story County, post-treatment 
samples were on 31 May (251 CDD), 4 June (288 CDD), 8 June (343 CDD), and 12 June 
(372 CDD). All sweep samples were taken by the same individual in 1995, compared with 7 
individuals in 1994, to reduce variation in estimates. The first post-treatment samples in 
harvested (windrowed) subplots were collected from under the windrow by using a sweep-net; 
subsequent samples were collected in the alfalfa regrowth within the subplot Sample 
processing, larval rearing procedures, and estimates of Z phytonomi prevalence were identical 
to those in 1994. H. postica larval density and Z phytonomi prevalence were monitored as 
previously described at each site for comparison to sweep sample values. One 49 m x 49 m 
plot per site (within 50 m of blocks) was monitored for H. postica larval populations and Z 
phytonomi prevalence. 
Insecticide Applications 1994 & 1995. H2O and insecticide treatments were 
applied using a Suzuki LT-125 four-wheel all-terrain cycle with a CO2 charged 6.1 m boom 
and twelve brass 8(X)3 flat-fan nozzles. Treatments were applied based on acceptable weather 
conditions, increasing H. postica larval populations, predicted first occurrence of Z phytonomi 
(Giles et al. 1994a), and harvest considerations (e.g., in 1994, harvest was scheduled for 31 
May). 
Statistical Analysis. For treated subplots, number of H. postica larvae were 
normalized (SQRT [x + 1]) and analyzed by two-factor analysis of variance for each sample 
date, with blocks and treatments as factors (PRCXT GLM, SAS 1985). Prevalence values for 
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Z phytonomi in treated subplots were normalized (arcsine [SQRT of prevalence]) and analyzed 
by analysis of covariance, with percent infection (arcsine [SQRT of prevalence]) within 
untreated subplots (of the same plot) as a covariate (PR(X^ GLM, SAS 1985). Covariate 
analysis was used to detect the impact of local infection levels (from untreated subplots) on the 
prevalence of Z phytonomi in treated subplots. Treatment means (LSMEANS) for alfalfa 
weevil densities and prevalence of Z phytonomi were separated by the least significant 
difference test (STDERR PDBFF). A 0.1 significance level was chosen as a measure of 
biological significance for comparisons of alfalfa weevil densities and Z phytonomi prevalence 
among treatments. Linear relationships for transformed H. postica larval densities and Z 
phytonomi prevalence among related treatments (different rates of the same insecticide) were 
analyzed by linear regression for each sample date (PROC REG, SAS 1985). A 0.05 
significance level was chosen as the measure of linear relationships among related treatments. 
Voucher Spedmens. Voucher SF>ecimens (alfalfa weevil adults and larvae infected 
with Z phytonomi) are deposited in the Department of Entomology Insect Collection, Iowa 
State University, Ames Iowa. 
Results 
1994. Ames Iowa. H. postica larval densities peaked after 352 CDD at 0.8 and 0.5 
larvae per stem in population plots near blocks 1 «& 2 and blocks 3 & 4, respectively. 
Differences in larval densities between population plots were also consistent for sweep 
samples; for pretreatment (267 CDD) and post-treatment samples, number of H. postica larvae 
per 20-sweeps was significantly different among blocks (F > 2.1; df = 3,109; P < 0.008). 
Within blocks, densities of H. postica larvae per 20-sweeps in pretreatment sweep-samples 
were similar among plots (F = 0.9; df = 12,109; P = 0.522). For all post-treatment sampling 
dates (23-29 May, 323-31% CDD), larval densities differed significantly among treatments (F > 
7.7; df = 12. 108; P < 0.001). 
Larval densities significantly decreased with increased rates of Lorsban 4E (r^ > 0.139, 
df = 54; P < 0.005) for all post-treatment sampling dates. With the exception of Lorsban 4E at 
0.560 kg (AI) / ha at 345 CDD (PDEFF, P = 0.113), larval densities for all rates of Lorsban 4E 
for all post-treatment sampling dates were significantly lower (PDEFF, P < 0.032) than control 
plots (Fig. 2 A & B). Compared with controls, no reductions in larval densities were observed 
in plots treated with M-pede for all sampling dates (Fig. 2 C & D). Weak, but significant 
inverse linear relationships, were observed between larval densities and rates of Pounce 3.2 EC 
(y > 0.150, df = 37; P < 0.015) for all postreatment sampling dates. On 23 May (323 CDD), 
larval densities in plots treated with Poimce 3.2 EC at 0.112 kg (AI) / ha were significantly 
lower (PDIFF, P = 0.002) than control plots (Fig. 2 E); however, no differences were 
observed thereafter (PDIFF, P > 0.268). In plots treated with Pounce 3.2 EC at 0.224 kg (AI) 
/ ha, larval densities were significantly lower than control in plots for all postreatment sampling 
dates (PDIFF, P < 0.015, Fig. 2 E). In harvested plots, larval densities for all postreatment 
sampling dates were significantly lower (PDEFF, P < 0.001) than in control plots (Fig. 2 F). 
Compared with control plots, larval densities in plots treated with H2O were not significandy 
different (PDIFF, P > 0.114) for all postreatment sampling dates (Fig. 2 F). 
Z phytonomi was first detected infecting one larva in population plots and sweep-
samples on 27 May (359 CDD, Fig. 2 C). Prevalence of Z phytonomi increased slightly 
(peak of 10% in population plots) on 29 May (378 CDD); however, no differences were 
detected among treatments {F = 0.9, df = 12,107; P = 0.563). Also, no linear relationships 
were observed among different rates of the same compound and prevalence (r^ < 0.024, df = 
37;P > 0.256). Additionally, prevalence of Z phytonomi in untreated subplots (covariates) did 
not significandy affect prevalence in treated subplots (P = 0.389). 
1995. Chariton Iowa. Larval densities of H. postica increased during the study 
peaking at 1.0 larva per stem in population plots after 337 CDD. Densities of H. postica larvae 
per 20-sweeps in pretreatment sweep-samples were similar among plots (F = 1.5, df = 8, 23; P 
= 0.223); however, for all postrcatment sampling dates (25 May to 7 June, 227-337 CDD), 
larval densities significantly differed among treatments (F > 3.0, df = 8,23; P < 0.018). 
Larval densities significandy decreased with increased rates of Lorsban 4E (/^ > 0.205; 
df = 18; P < 0.045) after 227 and 250 CDD, however, no significant linear relationships were 
observed at later sampling dates. In plots treated with Lorsban 4E at 0.140 kg (AI) / ha, 
reductions in larval densities were observed (PDIFF, P < 0.076) after 291 and 337 CDD (Fig. 
3 A). Significant reductions in larval densities were observed in plots treated with Lorsban 4E 
at 0.280 kg (AI) / ha after 227 and 337 CDD (PDIFF, P < 0.042, Fig. 3 A). Lorsban 4E 
applied at 0.560 kg (AI) / ha reduced larval densities on all postreatment sampling dates 
(PDIFF, P < 0.008, Fig. 3 B). With the exception of samples taken on 3 June (291 CDD), 
significant reductions in larval densities for plots treated with Lorsban 4E applied at 1.120 kg 
(AI) / ha were observed for all postreatment sampling dates (PDIFF, P < 0.033, Fig. 3 B). 
Larval densities in plots treated with increasing rates of Pounce 3.2 EC were significantly 
reduced (r^ > 0.591; df = 10; P < 0.(X)4) for all postreatment sampling dates except 25 May 
(227 CDD, = 0.165; df = 10; P = 0.190). Larval densities in plots treated with Pounce 3.2 
EC at 0.112 kg (AI) / ha were significandy lower than control plots (Fig. 2 C) after 227 CDD 
(PDIFF, P = 0.010), 250 CDD (PDIFF, P = 0.003), and 337 CDD (PDIFF, P = 0.100). In 
plots treated with Pounce 3.2 EC at 0.224 kg (AI) / ha, larval densities were significantly lower 
(PDIFF, P < 0.003) than control plots for all postreatment sampling dates (Fig. 3 C). In plots 
treated with liquid Sevin at 0.361 and 0.722 kg (AI) / ha, no significant reductions in larval 
densities and no significant linear trends were observed following treatment (Fig. 3 D). 
During the study, prevalence of Z phytonomi increased in the population plot (peak = 
71.0%) and treated plots (Fig. 3 A-D, Table 1). No difference in prevalence was observed for 
pretreatment sweep-samples (F = 0.8; df = 8,23; P = 0.644). Differences in disease 
prevalence were detex:ted among treatments after 227 CDD (F = 3.3; df = 8,23; P = 0.013), 
250 CDD (F = 2.1; df = 8, 22; P = 0.074), and 291 CDD (P = 2.3; df = 8, 23; P = 0.057). 
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However, prevalence for individual treatments were not consistently different from control 
values and no treatment was different for more than one sampling date. Prevalence of Z 
phytonomi in untreated subplots (covariates) did not significantly affect prevalence in treated 
subplots (P > 0.145). Prevalence of Z phytonomi significantly decreased with increased rates 
of Lorsban 4E (r^ = 0.228; df = 18; P = 0.033) and Pounce 3.2 EC 4E (r = 0.448; df = 9; P = 
0.024) on 29 May (250 CDD); however, no significant linear relationships were observed 
during other postreatment sampling dates. No significant linear relationships were observed 
during postreatment sampling dates for prevalence of Z phytonomi in plots treated with Sevin 
(r < 0.120; df = 10; P > 0.272). 
Ames Iowa. Peak H. postica larval densities increased in population plots to 0.7 larvae 
per stem on 4 June (288 CDD). Densities of H. postica larvae per 20-sweeps in pretreatment 
sweep samples were similar among plots (F = 0.8; df = 10,33; P = 0.654). For postreatment 
sweep samples, significant differences in larval number among treatments were detected for 
one sampling date, 8 June (343 CDD, F = 3.6; df = 10, 34; P = .002). On 8 June, reduced 
larval densities were observed in plots treated with all rates of Lorsban 4E (PDIFF, P < 0.031, 
Fig. 4 A & B). Larval densities decreased linearly with increased rates of Lorsban 4E (r^ > 
0.207; df = 18; P < 0.044) after 251 and 288 CDD; however, no significant linear relationships 
were observed during other sampling dates (/ < 0.148; df = 18; P > 0.090). On 8 June, larval 
densities were not significantly different than controls in plots treated with all rates of Pounce 
3.2 EC (PDIFF, P > 0.223) and in plots treated with Sevin (PDIFF, P > 0.178). Larval 
densities decreased linearly with increased rates of Pounce 3.2 EC - 0.336; df = 10; P = 
0.048) after 372 CDD; however, no significant linear relationships were observed during other 
sampling dates (r^ < 0.310; df = 10; P > 0.060). No significant linear relationships were 
observed during postreatment sampling dates for larval densities in plots treated with Sevin (r^ 
< 0.286; df = 10; P > 0.073). Compared with control plots (June 8), larval densities in plots 
49 
treated with H2O (PDIFF, P = 0.122, Fig. 4 E) and those harvested (PDIFF, P - 0.305, Fig. 
4 F) were not significantly differenL 
Zoophthora phytonomi was first detected in sweep-samples on 26 May (213 CDD, Fig. 
4 E). infecting one larva (Fig 4 F). Prevalence of Z phytonomi increased to 14.5% in the 
population plot No difference in prevalence was observed for pretreatment sweep-samples (F 
= 0.5; df = 10,32;P = 0.894). No significant differences in disease prevalence were detected 
among treatments for postreatment sampling dates (F < 1.7; df = 10,32;P > 0.1471); 
however, prevalence of Z phytonomi in untreated subplots (covariates) had an impact on 
prevalence in adjacent treated subplots after 251 CDD (P = 0.005), 343 CDD (P = 0.052), and 
372 CDD (P = 0.045). No significant linear relationships were observed during postreatment 
sampling dates for prevalence of Z phytonomi in plots treated with Lorsban 4E (r^ < 0.158; df 
= 18; P > 0.082), Pounce 3.2 EC (r < 0.137; df = 10; P > 0.237), and Sevin (r^ < 0.153; df = 
10; P > 0.209). 
Discussion 
Mortality of H. postica from insecticides and harvesting. In 1994 and 
1995, the four rates of Lorsban 4E consistently reduced H. postica larval populations and 
provided predictable Ginear) levels of suppression directly related to concentration applied 
(Figs. 2,3, & 4 A-B). Pounce 3.2 EC also provided consistent reductions of larval 
populations in 1994 and 1995 (Fig. 2 E, Fig. 3 C, & Fig. 4 C). Thus, reduced rates of these 
compounds are useful tools for reducing H. postica larval population levels. In field 
applications, M-pede (Fig. 2 C-D) and Sevin (Figs. 3 & 4 D) did not reduce H. postica larval 
populations. In a laboratory smdy, direct application of M-pede (1.851 kg / ha), which is 
active as a contact insecticide, kiUed 100% of H. postica larvae (K.L.G. unpublished data). 
M-pede solutions applied to alfalfa foliage, however, may have dried before contacting larvae 
feeding within terminals. In 1995, reduced rates of Sevin were ineffective at reducing H. 
postica larval densities (Fig. 3 & 4 D). 
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Casagtande and Stehr (1973) and Harper et al. (1990) demonstrated that harvesting 
alfalfa significantly reduces H. postica populations; larvae and eggs are mechanically killed 
during harvesting, and remaining larvae starve without fresh foliage. Different harvesting 
procedures between years may explain why larval densities were reduced in 1994, but not in 
1995. In 1994, harvesting was done by swath-cutting and crimping with a John Deere Mower 
and windrowing, which provided effective control of H. postica larvae (Fig. 2 F). Crimping 
crushes alfalfa vegetation along with H. postica larvae and eggs. Additionally, the mower 
removed all fresh foliage in subplots. In 1995, harvesting was done by hand (swath-cutting 
with a cycle bar cutter and weed-eater and windrowing); consequently very little mechanical 
damage occuned to alfalfa vegetation, and some fresh foliage remained in the subplots after 
windrowing. That H. postica densities were not reduced by harvesting in 1995 (Fig. 4 F) may 
be the result of reduced mechanical mortality and available fresh foliage. 
Mortality of H. postica from Z. phytonomi. Z phytonomi produces up to 
three generations in 9-14 days on H. postica larval populations, spreading quickly among the 
host population by active projection of single-celled sporangia (conidia) from infected cadavers 
(Brown & Nordin 1986, Brown 1987, Harcourt et al. 1990, Nordin et al. 1983). Larval 
densities of 1.7 per stem have been reported to be required for disease initiation and epizootics 
(>50% infection) (Nordin et al. 1983); however, 0.8 larvae per stem support epizootics of Z 
phytonomi during periods of high (7.0 mm/day) rainfall (Giles et al. 1994a). The 
accumulation and frequency of rainfall associated with the presence of H. postica larval 
populations are the major factors influencing first occurrence and seasonal infection rates of Z 
phytonomi (Barney & Armbrust 1981, Giles et al. 1994a, Giles 1996). Additionally, fields 
with a history of Z phytonomi epizootics are more likely to produce future epizootics because 
they contain high densities of resting spores; an inoculum source (Harcourt et al. 1990). 
Alfalfa weevil larvae infected with Z phytonomi were first detected after 359 CDD in 
1994 (Fig. 2 C). Low levels of rainfall in Ames during May 1994 (1.4 mm/day versus a 30 
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year average of 3.2 mm/day, Giles et al. 1994a), late first occurrence of Z phytonomi, and 
low larval populations (0.5-0.8 larvae / stem) resulted in an enzootic (peak infection level of 
10%). The history of disease at this site may have affected 1994 results; this alfalfa field was 
two years old, and previous Z phytonomi activity was unknown. In 1994, prevalence of Z 
phytonomi in treated plots was not affected by insecticides, harvesting, or the prevalence of Z 
phytonomi in adjacent untreated subplots. The lack of covariate effect of untreated subplots 
indicates initial patchy distribution of infected larvae and negligible transmission of Z 
phytonomi. 
In 1995, high levels of rainfall during May and early June at the Chariton site (6.8 
mm/day versus a 30 year average of 3.1 mm/day) resulted in an early first occurrence of Z 
phytonomi (208 CDD, Fig. 3) and supported an epizootic (peak infection level of 71%). This 
epizootic on low larval populations (1.0 larvae / stem) may have been influenced by the history 
of disease within the field. The alfalfa field at Chariton was four years old with a record of 
previous Z phytonomi epizootics (Giles et al. 1994a). In 1995 at the Chariton site, 
insecticides did not consistently affect the prevalence of Z phytonomi in subplots treated with 
Lorsban 4E and Pounce 3.2 EC. Inconsistencies between treatment differences (no treatment 
was different from controls for more than one date for prevalence including harvesting) and the 
lack of covariate effect on prevalence in treated subplots indicate a field-wide epizootic 
developing independent of treatments in small strips. 
In 1995 at the Ames site, alfalfa weevil larvae infected with Z phytonomi were first 
detected after 213 CDD (Fig. 4 F). This first-year field was replanted in an area with a history 
of Z phytonomi epizootics (Giles et al. 1994a), however, near average rainfall during May and 
early June 1995 (2.9 mm / day) did not support an epizootic (peak infection level of 14%) on 
larval populations of 0.5 larvae / stem. Prevalence of Z phytonomi in treated plots was not 
affected by insecticides or harvesting; however, the prevalence of Z phytonomi in untreated 
subplots (covariates) did vary with prevalence in adjacent treated plots. This covariate effect 
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may indicate initial localized transmission of Z phytonomi; however, larval densities, rainfall, 
and initial fungal inoculum were inadequate to support an epizootic. 
Combined mortality: management tactics and Z. phytonomi. Brown and 
Nordin (1986) demonstrated that harvesting can be timed with first occurrence of diseased 
larvae to enhance mortality within humid windrows. Additionally, they suggested that partial 
harvests or strip harvesting could induce Z phytonomi epizootics within harvested areas, that 
would subsequently spread to larvae in unharvested areas. In 1994 and 1995 in Ames, 
harvesting and windrowing strips of alfalfa did not induce epizootics of Z phytonomi, and 
combined mortality was negligible (Figs. 2 & 4 F). Low H. postica populations, inadequate 
rainfall, and no history of disease in these fields may have contributed to the ineffectiveness of 
the strip-harvesting technique to influence Z phytonomi prevalence. 
Insecticides may be antagonistic to ftmgal entomopathogens because they directly 
inhibit fungal reproduction or reduce host density below epizootic thresholds (Olmert & 
Kenneth 1974, Merriam & Axtell 1983, Benz 1987). Reduced rates of insecticides, however, 
could be used to decrease inhibition of fimgal entomopathogens and maintain noneconomic 
insect densities sufficient for the development of epizootics. Using reduced rates of 
insecticides may cause sub-lethal effects on surviving larvae, for example, delayed feeding 
(Giles 1996), or movement to the ground. Delayed feeding would temporarily decrease injury 
and provide time for the spread of Z phytonomi. Movement to the ground would potentially 
increase the number of larvae contacting Z phytonomi (Johnson et al. 1984) and result in 
increased (synergistic) fungal mortality. In the only reported case of synergism between an 
insecticide and an entomopathogenic fungus, Telenga (1956) observed increased densities of 
beet-root weevils infected with Beauvaria bassiam after treatment with full rates of 
hexachlorane; sublethal effects of hexaclorane on surviving weevils of apparently increased 
susceptibility to B. bassiana. 
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In a previous laboratory study, Merriara and Axtell (1983) demonstrated that the 
recommended rate of chlorpyrifos was highly toxic to Lagenidium giganteum (Oomycetes: 
Lagenidialei), whereas chlorpyrifos did not inhibit germination of B. bassiam (Olmert and 
Kenneth 1974). Under laboratory conditions carbaryl inhibits growth of several 
Entomophthora species and L giganteum, whereas Permethrin is non-toxic to L. giganteum 
(Soper et aL 1974, Merriam & Axtell 1983). In a field study, carbaryl applied at the 
recommended rate was indirectly antagonistic (reduced host densities below the epizootic 
threshold) to the development of Nomuraea rileyi, a fungal pathogen of the velvetbean 
caterpillar (Johnson et al. 1976). 
In 1994 and 1995, combined mortality was negligible at the Ames sites; low larval 
populations, inadequate rainfall, and no recorded history of disease in these fields may have 
contributed to enzootics of Z phytonomi. In Chariton, Iowa (1995), the relationship between 
insecticide treatments and prevalence of Z phytonomi was not consistent; no treatment was 
different from controls for more than one date. Inconsistencies among treatments for 
prevalence indicates a field-wide epizootic developing independent of treatments in small strips. 
Percentage mortality of H. postica larvae from Z phytonomi infections increased during the 
study for control and all other plots (Fig. 3). This pattern indicates that percentage mortality 
from Z phytonomi and insecticides was additive in plots treated with all rates of Lorsban 4E 
and Pounce 3.2EC at Chariton (Table 1). All rates of Lorsban 4E and Pounce 3.2EC reduced 
H. postica larval densities (Table 1) and increased the combined mortality with Z phytonomi 
compared with controls, whereas one-half and one-quarter rates of Sevin were ineffective at 
reducing larval densities and increasing mortality when combined with Z phytonomi. 
Integrated Management of H. postica. Epizootics of naturally occurring fungal 
entomopathogens can result in spectacular reductions of insect pest populations (Harper 1987). 
Mortality by these fungi, however, is rarely incorporated into pest management programs 
(Brown 1987). This is due in part to the lack of detailed information on the interactions among 
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hosts, pathogens, the environment, and agronomic practices (Brown 1987, Harper 1987). 
But, when fimgal entoraopathogens are an important part of insect regulation within a cropping 
system, modifications in agriculmral practices that favor disease in pest populations can reduce 
insecticide use (Benz 1987). For example, Boykin et al. (1984) demonstrated that the use of 
carbaryl against the twospotted spider mite Tatranychus urticae did not inhibit its fungal 
entomopathogen Neozygites floridana; postreatment mite populations crashed during an 
epizootic of N. floridana. 
Current management recommendations for H. postica in Iowa include harvesting or 
insecticides when populations reach 2 larvae per stem (Wintersteen et al. 1992); however, there 
are no options to manage weevils by incorporating mortality from the fungal entomopathogen 
Z phytonomi. Clearly, an understanding of the relationship among control tactics, larval 
populations, and Z phytonomi phenology is needed, because control tactics are 
epizootiologically relevant factors that affect disease levels in insect populations (Benz 1987). 
This approach is an example of integrated control proposed by Stem et al. (1959). To enhance 
biotic mortality, integration of natural enemies and control tactics require quantitative 
knowledge of their interactions in conventional and manipulated agroecosystems (Stem et al. 
1959). The chaDenge for H. postica management programs is to enhance predictable mortality 
by Z phytonomi and other natural enemies, and utilize this mortality as the foundation for 
management decisions. The activity of Z phytonomi is predictable; first occurrence and impact 
are influenced by rainfall levels, larval density, and previous occurrence of disease in alfalfa 
fields (Nordin et al. 1983, Harcourt et al. 1990, Giles et al. 1994a). This smdy demonstrates 
that population suppression of H. postica by Z phytonomi and reduced rates of Lorsban 4E or 
Pounce 3.2EC can be achieved by incorporating the biology of Z phytonomi into management 
decisions. In this study, combined mortality from harvesting and Z phytonomi was negligible 
because of low levels of disease at locations where harvesting was evaluated. But, in a whole-
field study. Brown and Nordin (1986) demonstrated that combined mortality from harvesting 
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and Z phytonomi can suppress populations of H. postica and prevent the development of 
postharvest populations that feed on alfalfa regrowth (Buntin & Pedigo 1986, Brown & 
Nordin 1986). 
Although the H. postica populations in this study were not above the economic 
threshold of two larvae per stem (Wintersteen et ai. 1992), a management program 
incorporating Z phytonomi should be equally effective on higher populations. The most 
important component of such a program would be the maintenance of a residual larval 
population that supports epizootics of Z phytonomi. Also important would be the build up of 
fungal inoculum within a Held, which would reduce the risk of H. postica outbreaks in 
subsequent growing seasons. Additionally, several studies have shown that low larval 
populations (up to 2 larvae per stem) increase yields because of the overcompensatory growth 
of alfalfa (Hintz et al. 1976, Godfrey & Yeargan 1987, Weaver et al. 1993). Precise sampling 
of egg populations (Harcourt et al. 1977, DeGooyer et al. 1995), or young (non-damaging) 
larval populations, monitoring environmental conditions, knowledge of the history of Z 
phytonomi in the field, and knowledge of the influence of management tactics on natural 
enemies are the basis for a holistic pest management program for//, postica. 
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Figure 1. Block, plot, and subplot dimensions for 1994 (A) and 1995 (B). 
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Figure 2. Number of H. postica larvae {H.p.) and percentage of larvae dying from Z 
phytonom (Z.p.) per twenty sweeps at Ames Iowa (1994) for the following 
treatments: Control = • (graphs A-F), Lorsban 4E® at 0.140 Gb. 140, graph 
A), 0.280 (lb. 280, graph A), 0.560 (lb. 560, graph B), and 1.120 kg a.i./ha 
(lb 1.120, graph B); M-pede® at 0.231 (mpede.231, graph C), 0.463 
(rapede.463, graph C), 0.927 (mpede.927, graph D), and 1.851 kg a.i7ha 
(mpedel.851, graph D); Pounce 3.2 EC ® at 0.112 (pc.ll2, graph E), and 
0.224 kg a.i7ha (pc.224, graph E); Water (H20, graph F); and harvesting and 
windrowing (Wr, graph F). 
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Figure 3. Number of ft poirica larvae (//.p.) and percentage of larvae dying from Z 
phytonomi (Zp.) per twenty sweeps at Chariton Iowa (1995) for the following 
treatments: Control = • (graphs A-D), Lorsban 4E® at 0.140 (lb. 140, graph 
A), 0.280 (lb. 280, graph A), 0.560 (lb. 560, graph B), and 1.120 kg a.i7ha 
(lb 1.120, graph B); Pounce 3.2 EC ® at 0.112 (pc.l 12, graph C), and 0.224 
kg a.iVha (pc.224, graph C); and Liquid Sevin® at 0.361 (Sv. 361, graph D), 
and 0.722 kg a.i./ha (Sv. 722, graph D). 
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Figure 4. Number of H. postica larvae {H.p.) and percentage of larvae dying from Z 
phytonomi iZ.p.) per twenty sweeps at Ames Iowa (1995) for the following 
treatments: Control = • (graphs A-F), Lorsban 4E® at 0.140 (lb. 140, graph 
A), 0.280 (lb. 280, graph A), 0.560 (lb. 560, graph B), and 1.120 kg a.i7ha 
(lb 1.120, graph B); Pounce 3.2 EC ® at 0.112 (pc.l 12, graph C), and 0.224 
kg a.i./ha (pc.224, graph C); and Liquid Sevin® at 0.361 (Sv. 361, graph D), 
and 0.722 kg a.iyha (Sv. 722, graph D); Water (H20, graph E); and harvesting 
and windrowing (Wr, graph F). 
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Table 1. Percentage mortality in alfalfa plots after treatment with insecticides and Zoophthora phytonomi (total and peak) and peak 
number oiHypera postica larvae (±SE), Chariton Iowa, 1995. 
Treatment 
(kg a.i. / ha) 
Insecticide 
Mortality" Total 
Z phvtonomi 
(Peak % ±SE) 
Combined 
Mortality 
Peak # H. postica larvae 
per 20-sweeps ± SE (P versus Control)'' 
Control 0% 42.0% (72.0 ± 10.3%) 42.0% 21.3 ±3.6 
Lorsban 4EC® 
(0.140) 29.3% 22.4% (61.7 ± 14.2%) 51.7% 11.5± 1.7 (0.064) 
(0.280) 37.6% 25.7% (76.2 ± 9.5%) 63.3% 10.5 ± 0.9 (0.041) 
(0.560) 71.7% 5.6% (37.8 ± 22.4%) 77.3% 5.9 ± 2.9 (0.001) 
(1.120) 41.5% 25.9% (84.7 ± 10.5%) 67.4% 10.8 ± 3.5 (0.033) 
Pounce 3.2EC® 
(0.112) 26.3% 23.2% (56.2 ± 18.1%) 49.5% 12.5 ± 1.7 (0.100) 
(0.224) 72.2% 11.0% (71.4 ± 17%) 83.2% 6.8 ± 1.7 (0.003) 
Sevin® (Liquid) 
(0.361) 0% 34.8% (69.7 ± 13.5%) 34.8% 15.5 ± 1.7 (0.307) 
(0.722) 0% 39.9% (74.1 ± 6.9%) 39.9% 20.3 ± 6.5 (0.706) 
® Percentage reduction versus conUol (P< 0.100) of H. postica larval numbers per 20-sweeps attributable to insecticides for all post-
treatment samples. 
" Percentage of mortality attributable to Z phytonomi from all post-treaUnent sampling dates. 
' P value for STDERR PDIFF tests (treatments versus control) following two-way ANOVA (F = 3.0; df = 8,24;P = 0.017). 
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CHAPTER 4. EFFECTS OF REDUCED INSECTICIDE RATES AND STRIP-
HARVESTING ON ALFALFA WEEVIL LARVAL POPULATIONS AND 
PARASITISM BY TWO BATHYPLECTES SPECIES 
A paper to be submitted to Biological Control 
Kristopher Giles & John Obrycki 
Abstract 
The effects of reduced insecticide rates and strip-harvesting on Hypera postica 
(Coleoptera: Curculionidae) larval populations and the larval parasitoids Bathyplectes 
curculionis Thomson (Hymenoptera; Ichneumonidae) and B. anurus Thomson were 
determined in a two year field study. Lorsban 4 E® (chlorpyrofos) applied at 0.140,0.280, 
0.560, and 1.120 (reconmiended rate) kg (AI) / ha. Pounce 3.2 EC ® (permethrin) applied at 
0.112 and 0.224 (recommended rate) kg (AI) / ha, and harvesting caused short-term reductions 
in larval parasitism, but total percentage parasitism in 10m x 3m strips of alfalfa was 
unaffected. The range for total percentage parasitism in strips treated with Lorsban 4 E at 
0.140, 0.280, 0.560, and 1.120 kg (AI) / ha were 15.0-21.6%, 13.8-18.7-%, 20.6-26.7%, 
and 12.9-18.5%, respectively; for Pounce 3.2 EC applied at O.l 12 and 0.224, were 25.3-
26.0% and 24.4-30.2%, respectively; and for controls, 18.3-27.0%. Intrafield refuges for 
parasitoids and the density independent foraging behavior of the B. curculionis are considered 
important factors explaining similarities in percentage parasitism among treated alfalfa strips 
and controls. This study demonstrates that high levels of H. postica mortality can be achieved 
while conserving parasitoid species through the use of reduced rates of insecticides applied in 
selected areas of an alfalfa field. 
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Introduction 
Biological control of the alfalfa weevil Hypera postica Gyllenhal (Coleoptera: 
Cutculionidae) in North America has relied heavily on imported hymenopteran parasitoids to 
suppress weevil populations (Day 1981, Steffey & Armbnist 1991). Established species 
include the larval parasitoids Bathyplectes curculionis Thomson (Hymenoptera: 
Ichneumonidae) and B. anurus Thomson and the adult parasitoids Microctonus aethiopoides 
Loan (Hymenoptera: Braconidae) and M. colesi Loan (Day 1981, Harcourt et al. 1977). In an 
economic analysis of the alfalfa weevil biological control program, Moffit et al. (1990) 
concluded that the economic benefits of this program for the entire United States are equivalent 
to $88 million (1987) dollars per year. Despite the success of this program, and the 
effectiveness of a naturally occurring fungal entomopathogen Zoophthora phytonotm Arthur 
(Entomophthorales: Entomophthoraceae), H. postica persists as an occasional pest in the U.S. 
and Canada (Harcourt 1985; Harcourt & Guppy 1991; Goh et al. 1989a; Steffey & Armbrust 
1991). 
When economically damaging populations of H. postica occur, suppression relies on 
early cutting and/ or insecticides to control outbreaks (Wedburg et al. 1980, Higgins et al. 
1988, Steffey & Armbrust 1991, Wintersteen et al. 1992). Most of these IPM programs were 
developed without incorporating the effect of management tactics on natural enemies. Several 
studies have documented a decline in larval parasitism when harvesting or insecticides were 
used to control H. postica larval populations (Wilson & Armbrust 1970, Davis 1970, 
Casagrande & Stehr 1973, Walstrom 1974, Hower & Luke 1979). Shoemaker and Onstad 
(1981) incorporated the role of B. curculionis into a management model that is based on early 
harvesting. They concluded that the optimal management strategy for H. postica in New York 
was early harvesting of an entire alfalfa field, which killed a large proportion of H. postica 
larvae but allowed relatively large numbers of parasitoids to complete development in surviving 
larvae. 
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Brown and Nordin (1986) and Giles and Obrycki (1996) have proposed that properly 
timed management tactics such as strip harvesting or strip insecticide applications at low rates 
could maximize effects of H. postica natural enemies. These tactics maintain sufficient host 
numbers to initiate local epizootics of Z phytonomi in managed strips that spread to 
unmanaged strips (Giles 1996). However, these tactics may negatively affect on H. postica 
larval parasitism via insecticide or Z phytonomi induced mortality (Brown & Nordin 1986, 
Goh et al. 1989b, Giles et al. 1994a, Giles 1996). As part of a comprehensive study 
determining the impact of integrated control tactics on natural enemies of the alfalfa weevil in 
Iowa (Giles 1996), we examined the effect of strip-harvesting and reduced insecticide rates on 
H. postica populations and larval parasitism by B. curculionis and B. anurus. 
Materials and Methods 
Experimental Design. In 1994, an alfalfa (Medicago sativa L.) field in Story 
County Iowa (Iowa State University [ISU] Beef Teaching Unit, 1.6 km S of Ames) was 
divided into four blocks (69 m x 57 m) each separated by 100-125 m (see paper 3, Fig. 1, 
Giles 1996). Each block was divided into twenty 15 m wide x 9 m long plots in a four by five 
arrangement All plots were separated by 3 m and divided into five 3 m wide x 9 m long 
subplots arranged north to south. In 1995, alfalfa fields in Lucas (ISU McNay Research 
Center, 8 km W of Chariton) and Story (ISU Johnson Farm, 1.8 km S of Ames) Counties 
were each divided into four blocks (45 m x 33 m) separated by 10 m. Each block was divided 
into twelve 9 m x 9 m plots in a four by three arrangement All plots were separated by 3 m 
and divided into three 3 m wide x 9 m long subplots arranged north to south. Within blocks, 
insecticide, H2O, strip-harvesting treatments, and controls were assigned randomly to plots for 
each year. 
Environmental Conditions. Daily temperatures and rainfall at Lucas (ISU McNay 
Research Center, 1 km E of field site) and Story (ISU Agronomy Farm, 11 km W of field site) 
county research stations, and were tabulated for each year (Iowa Climate Review 1994,1995). 
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Degree day accumulation was estimated (CDD) with maximum and minimum air temperatures 
above a base temperature of 9°C (48°F) after 1 January (Litsinger & Apple 1973, Wedberg et 
al. 1980). 
Treatments. Insecticide treatments (reduced and label recommended rates) for 1994 
8l 1995 included Lorsban 4E® (chlorpyrofos) at 0.140,0.280,0.560, and 1.120 kg. per 
hectare, and Pounce 3.2 EC ® (permethrin) at 0.112 and 0.224 kg (AI) / ha. In 1994, M-
Pede® (Mycogen Corporation) was applied at 0.231,0.463,0.927, and 1.851 kg (AI) / ha. 
However, because of its ineffectiveness against alfalfa weevil larvae, M-Pede was dropped 
from the 1995 study. In 1995, Liquid Sevin® (carbaryl) was applied at 0.361 and 0.722 kg 
(AI)/ha. 
1994. Within each plot treated with an insecticide or H2O, the 2nd and 4th subplot 
were treated (see paper 3, Fig. 1, Giles 1996). A strip-harvest treatment was replicated twice 
within each block, and consisted of mowing with a John Deere® mower and crimper and 
windrowing (raking into piles) the 2nd and 4th subplot Harvest treatments were on 20 May 
[282 Celsius degree-days (CDD)] for all blocks, whereas insecticide and H2O treatments were 
applied on 21 May (287 CDD) for blocks 1&2, and 22 May (297 CDD) for blocks 3&4. Three 
control plots per block received no treatment Five plots per block received no treatment and 
were not sampled. 
1995. Within each plot treated with an insecticide or H2O, the 2nd (middle) subplot 
received the application. Because of equipment failure, the harvest treatment at the Lucas 
County site was canceled. In Ames, the harvest treatment was replicated twice per block, and 
consisted of cutting (with a sickle-bar cutter or weed-eater) and raking by hand (windrowing) 
alfalfa foliage to the middle of the 2nd subplot One control plot for each block in Ames 
received no treatment In Chariton, insecticide and H2O treatments were applied on 23 May 
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(223 CDD), whereas in Ames, insecticide, H2O, and harvest treatments were applied on 29 
May(233CDD). 
Insecticide and H2O treatments were applied using a CO2 charged 6.1 m boom with 
twelve brass 8(X)3 flat-fan nozzles mounted on a Suzuki LT-125 four-wheel all terrain cycle. 
Timing of application was based on weather conditions, H. postica larval densities, and in 
1994 projected harvest date (31 May in Ames). 
Sampling and Rearing. In 1994, sweepnet samples were taken (20 sweeps per 
subplot) along separate linear transacts in all subplots before treatment on 19 May (267 CDD), 
and every 2 d postreatment on 23 May (323 CDD), 25 May (345 CDD), 27 May (359 CDD), 
and 29 May (378 CDD). In 1995, sweepnet samples were taken before treatment on 21 May 
(208 CDD) in Chariton, and on 26 May (213 CDD) in Ames. Postreatment samples were 
taken on 25 May (227 CDD), 29 May (250 CDD), 3 June (291 CDD), and 7 June (337 CDD) 
in Chariton. In Ames, postreatment samples were taken on 31 May (251 CDD), 4 June (288 
CDD), 8 June (343 CDD), and 12 June (372 CDD). 
Samples were bagged, placed in coolers with ice, and transported to the laboratory for 
sorting and rearing. From each sample, H. postica larvae were counted and 11 ± 6 (SD) larvae 
were randomly collected and reared together at room temperature (approximately 24°C and a 
photoperiod of 16:8 (L:D) h) on field collected alfalfa in 0.5 pint cardboard cages (Neptune 
Paper Products, New Jersey) until pupation, parasitoid emergence, or death. Percentage 
parasitization was determined by dividing the number of larvae parasitized by the number of 
larvae reared per subplot. 
In 1994 and 1995 at each location, H. postica larval populations and larval 
parasitization were quantitatively monitored in 49m x 49m population plots by methods 
described by Giles et al. (1994a). Plots were sampled every 2-7 d from 30 April to 12 June to 
estimate H. postica larval densities. On each sampling date, 4 six-stem samples were collected 
from each subplot within a randomly thrown 0.09 m^ sampling frame (Giles et al. 1994a). 
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These samples were bagged, placed in a chilled cooler, and transported to the laboratory. Up 
to 10 H. postica larvae from each subplot were individually reared and monitored for larval 
parasitism in glass vials on field collected alfalfa at 24°C and a photoperiod of 16:8 (L:D) h. 
Remaining stems and foliage from each sample were placed into modified Berlese-Tulgren 
funnels to extract larvae (DeGooyer et aL 1996). 
Parasitoids. The larval parasitoids B. anurus and B. curculionis were identified to 
species by cocoon characteristics and adult ovipositor features (Day 1970, Dysart & Day 
1976). Parasitoid larvae that emerged fix)m hosts, but did not spin characteristic cocoons, were 
not identified to species, but included when calculating percentage parasitization (Giles et al. 
1994a). 
Statistical Analysis. Number of H. postica larvae in treated subplots were 
normalized (SQRT [x + 1]), and analyzed by two-factor analysis of variance for each sample 
date, with blocks and treatments as factors (PROC GLM, SAS 1985). Values for parasitism 
(combined B. curculionis and B. anurus) in treated subplots were normalized (arcsine [SQRT 
of parasitization]) and analyzed by analysis of covariance, with percent parasitism (arcsine 
[SQRT of parasitization]) within untreated subplots (of the same plot) as a covariate (PROC 
GLM, SAS 1985). Treatment means (LSMEANS) for alfalfa weevil numbers and parasitism 
(combined B. curculionis and B. anurus) were separated by the least significant difference test 
(STDERR PDIFF). A 0.1 significance level was chosen as a measure of biological 
significance for comparisons of H. postica numbers and parasitism among treatments because 
of the dynamic behavior of parasitoids in alfalfa fields. 
Relationships between mean H. postica larval numbers and parasitism (combined 
parasitism, B. curculionis parasitism, and B. anurus parasitism) in control and 11,0 subplots 
(Ames 1994 & 1995) were analyzed by linear regression (PROC REG, SAS 1985). Linear 
relationships for total postreatment mortality of H. postica larval numbers and total 
postreatment parasitism (combined parasitism, B. curculionis parasitism, and B. anurus 
76 
parasitism) among related treatments (different rates of the same insecticide) were analyzed by 
linear regression (PROC REG, SAS 1985). A 0.05 significance level was chosen as the 
measure of linear relationships. 
Voucher Spedmens. Voucher specimens {H. postica adults, B. curculionis 
cocoons and adults, and B. anurus cocoons) are deposited in the Department of Entomology 
Insect Collection, Iowa State University, Ames Iowa. 
Results 
Hypera postica larval numbers 
In population plots, H. postica larval densities peaked at 0.8 (352 CDD), 1.0 (352 
CDD) and 0.7 (288 CDD) larvae per stem for Ames (1994), Chariton (1995), and Ames 
(1995), respectively. Following treatment, H. postica larval populations were consistently 
reduced in plots treated with all rates of Lorsban 4E and Pounce 3.2EC applied at 0.224 kg 
(AI) / ha (Tables 1,2, & 3). However, Pounce 3.2EC applied at 0.112 kg (AI) / ha was not 
effective at late postreatment sampling dates (Tables 1,2, & 3). In 1994, harvesting via 
mowing and crimping (John Deere mower) reduced//.postica larval populations (Table 1), 
however, no reduction occurred when harvesting was done with a weed eater or sickle bar 
mower in 1995 (Table 3). All rates of M-pede (1994) and both rates of Sevin (1995) did not 
reduce H. postica larval populations (Tables 1,2,3). 
Parasitism 
In population plots, percentage parasitism (including parasitoids that did not 
successfully pupate) peaked at 30.5% (345 CDD), 34.8% (250 CDD) and 35.7% (288 CDD) 
for Ames (1994), Chariton (1995), and Ames (1995), respectively. Bathyplectes curculionis 
was the most prevalent larval parasitoid in Ames (Tables 1 & 3), whereas, B. anurus was more 
prevalent in Chariton (Table 2). In Chariton 1995, larval parasitism declined after 250 CDD 
(Table 2) during an epizootic (>50% infection) of Z phytonomi (Giles 1996). Because Z 
77 
phytonomi kills parasitoids within infected H. postica larvae (Goh et al. 1989b, Day 1994), 
treatment effects on parasitism were confounded by high disease levels. 
Following treatment, combined percentage parasitism, percentage parasitism by B. 
curculionis, and by B. anurus in untreated subplots (covariates) did not consistently affect 
levels of parasitism in adjacent treated subplots (Tables 1,2,3). With the exception of samples 
taken after 345 and 378 CDD in 1994 (Ames), no significant reductions in combined 
percentage parasitism were observed following treatment (Tables 1,2,3). The differences 
observed in Ames (1994) for combined percentage parasitism were primarily due to reductions 
in parasitism in plots treated with Lorsban 4E at the full rate (1.120 kg (AI) / ha). Additionally, 
di^erences in combined parasitism levels are primarily influenced by differences in percentage 
parasitism by B. curculionis (Table 1). Harvesting had an effect on percentage parasitism in 
1994. However, low levels of parasitism may be attributable to values observed in 
pretreatment samples (Table 1). In 1995, harvesting had no impact on larval parasitism (Table 
3). In Chariton (1995), prior to the epizootic by Z phytonomi, significant differences in 
percentage parasitism by B. anurus were observed after 227 and 250 CDD (Table 2). 
Compared with controls, significant reductions in percentage parasitism by B. anurus were 
observed in plots treated with Lorsban 4E at 0.280,0.560, Pounce 3.2EC at 0.224, and Sevin 
at 0.722 kg (AI) / ha (Table 2). 
No significant linear relationships were observed between mean number of H. postica 
larvae per sweep and mean combined percentage parasitism, mean percentage parasitism by B. 
curculionis, or by B. anurus from Ames (1994 & 1995 combined) in control and HjO plots 
(Fig. 1). Total H. postica postreatment mortality from all sample dates increased with 
increased rates of Lorsban 4E and Pounce 3.2 EC (Figs. 2 & 3). However, increased rates of 
Lorsban 4E or Pounce 3.2 EC did not affect total postreatment combined percentage 
parasitism, parasitism by B. curculionis, or parasitism by B. anurus (Figs. 2 & 3). 
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Discussion 
Impact of Treatments 
Several studies have demonstrated negative effects of insecticides and harvesting on H. 
postica larval parasitoids. In laboratory studies, adult B. curculionis, parasitized H. postica 
larvae, and adult M. aethiopoides are highly susceptible to several insecticides including 
carbofuran, carbaryl, malathion, phosmet, and methyl parathion; carbaryl was generally least 
toxic (Niemczyk & Ressel 1975, Abu & Ellis 1977). In field studies, Davis (1970) and 
Walstrom (1974) observed declines in adult B. curculionis numbers and larval parasitism with 
applications of insecticides close to harvest Similarly, declines in adult B. curculionis 
numbers and larval parasitism over a four year period were observed in fields treated with 
methyl parathion (Hower & Luke 1979). Following alfalfa harvest, Casagrande & Stehr 
(1973) documented reductions in H. postica and B. curculionis populations. None of these 
studies investigated how parasitism interacts with management tactics designed to conserve 
natural enemies. 
In Ames (1994 & 1995), increased rates Lorsban 4E or Pounce 3.2 EC did not 
significantly effect postreatment percentage parasitism in treated subplots despite significant 
reductions in H. postica larval populations (Figs. 2 & 3). This may be explained because B. 
curculionis adults re-colonize treated subplots fix)m adjacent untreated refuges as documented 
by Davis (1970) and Walstrom (1974). In our study, large refuges for adult parasitoids existed 
in each field. Additionally, the foraging behavior of B. curculionis may contribute to the lack 
of observed insecticide effect on total parasitism. In Ames (1994 &1995 combined), a density 
independent relationship between combined percentage parasitism and^. postica larval 
densities was observed in control and HjO plots (Fig. 1). This relationship is primarily 
influenced by the most abundant larval parasitoid B. curculionis-, percentage parasitism by B. 
curculionis has been observed to be independent of H. postica larval numbers (Harcourt et al. 
1977, Latheef et al. 1979). We conclude that density independent foraging in re-colonized 
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(treated) subplots by B. curcuUonis resulted in statistically similar levels of total postreatment 
parasitism compared with controls. The results of this study are similar to those observed by 
Miller et aL (1973); granular phorate significantly reduced H.postica larval numbers, but 
similar levels of parasitism by B. curculionis were observed in treated plots and controls. 
In Chariton (1995), an epizootic of Z phytonomi affected percentage parasitism and 
confounded treatment effects during the last two sampling dates (Table 2). Parasitism by B. 
amrus, the more prevalent larval parasitoid in southern Iowa (Giles et al. 1994a), was 
significantly reduced by several insecticide treatments during the first two sampling dates 
(Table 2), Lower parasitism by B. anurus may have resulted from low immigration 
(recolonization) rates into treated strips. Dispersal by B. anurus adults is reported to be 
significantly lower within and among alfalfa fields than dispersal by B. curculionis adults 
(Dysart & Day 1976). 
Integrated Control 
Little research has been done to integrate predictable mortality from parasitoids into H. 
postica management programs. Most programs developed rely on count and treat options with 
little regard to treatment effects on parasitoids and reductions in postreatment parasitism 
(Wedberg et al. 1980, Higgins et al. 1988, Steffey & Armbrust 1991). If larval parasitoids are 
to be effectively incorporated into H. postica pest management programs, a thorough 
understanding of the interactions between management tactics and parasitism is needed. 
Shoemaker and Onstad (1983) developed an optimization model for managing H. postica larval 
populations in New York. The optimum strategy developed from this model was to harvest 
early, killing most H. postica larvae, but conserving B. curculionis on surviving larvae. 
However, one major limitation of the model suggested by the authors was the lack of realistic 
parasitoid population dynamics (ie. life history characteristics and behavior) in such a system. 
Life history characteristics and behavior of H. postica larval parasitoids have been smdied 
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(Harcourt et al. 1977, Dowel & Horn 1977, Latheef et al. 1979); however, this infonnation 
has not been integrated into management programs. 
These data (Ames 1994 & 1994) demonstrate that total percentage parasitism (primarily 
by B. curculioms) in managed strips of alfalfa is unaffected by use of Lorsban 4E and Pounce 
3.2EC. This may be due to several factors including low levels of mortality of parasitized 
larvae, low mortality levels of immigrating adult parasitoids in treated subplots, and / or high 
immigration rates to treated subplots from untreated refuges. Additionally, rainfall after 
treatment may have reduced persistence of insecticide and long term impact on larval 
parasitoids; rain occurred on the day of treatment in Ames and Chariton in 1995, and two days 
after in Ames in 1994 (Iowa Climate Review 1994 & 1995, K.L.G. personal observation). 
Whatever the mechanism, high levels of combined mortality (insecticide and parasitism) were 
observed in subplots treated with increasing rates of Lorsban 4E and Pounce 3.2EC. These 
results suggest the potential for utilizing refuges and parasitoid behavior in a more integrated 
control program that might conserve natural enemies and maximize combined mortality 
between management tactics and parasitism. However, the optimum size and duration of 
parasitoid refuges in relation to management tactics needs to be investigated. As pointed out by 
Stem et aL (1959), integration of natural enemies and control tactics requires a quantitative 
understanding of their interactions in existing agroecosystems and agroecosystems manipulated 
to enhance biotic mortality. The future of H. postica management programs is based on 
enhanced predictable mortality by parasitoids and other natural enemies and the use of this 
information as the foundation for management decisions. 
The interactions among management tactics, parasitism, and levels of Z phytonomi is 
the basis for integrated control of H. postica. Partial harvests or strip harvesting, or insecticide 
applications in strips may indirectly produce epizootics of Z phytonomi within alfalfa fields 
that reduce effective parasitism (Brown & Nordin 1986, Giles 1996). Rainfall (accumulation 
and frequency) is considered the most important factor influencing first occurrence and 
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development of Z phytonomi (Bamey & Annbrust 1981, Giles et al. 1994a, Giles 1996). A 
dynamic management program needs to be developed for integrated control in fields with high 
or low epizootic potential. When high levels of rainfall occur in alfalfa fields with a history of 
Z phytonomi, epizootic potential is high (Harcourt et al. 1990), and management tactics that 
maximize disease spread should be used. However, when rainfall levels are low, or if an 
alfalfa field has no history of Z phytonomi, management tactics that maximize parasitism 
(including adult parasitism) and arthropod predation (Giles et al. 1994a, 1994b) could be used. 
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Figure 1. Relationships between mean number of H. postica larvae per sweep and (A) 
mean combined percentage parasitism (F = 2.8, df = 1,14), (B) mean 
percentage parasitism by B. curculionis (F= 3.3, df = 1,14), and (C) B. anurus 
(F = 0.0, df = 1,14) for postneatment samples in control and H2O plots in Ames 
Iowa (1994 & 1995 combined). Transformed (ASIN (SQRT %) parasitism of 
0.65 = 40%. 
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Figure 2. Linear relationships between total A H. postica postreatment mortality (F = 7.9, df = 1,8, P = 0.024, = 
0.494), • total postreatment combined percentage parasitism (F = 0.7, df = 1,8, P = 0.413, = 0.085), O total 
postreatment percentage parasitism by B. curculionis (F = 1.2, df = 1,8, P = 0.308, R^ = 0.494), total 
postreatment percentage parasitism by • B. anurus (F = 0.4, df = 1,8, P = 0.559, R^ = 0.044), and increasing 
rates of Lorsban 4E (including H^O plots) in Ames Iowa (1994 & 1995 combined). 
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Figure 3. Linear relationships between total A H. postica postreatment mortality (F = 108.4, df = 1,4, P = 0.001, = 
0.964), • total postreatment combined percentage parasitism (F= 1.6, df = 1,4, P = 0.274, = 0.287), O total 
postreatment percentage parasitism by B. curculionis (F = 0.8, df = 1,4, P = 0.413, R^ = 0.173), total 
postreatment percentage parasitism by • B. mums (F = 0.1, df = 1,4, P = 0.737, R^ = 0.031), and increasing 
rates of Pounce 3.2 EC (including H2O plots) in Ames Iowa (1994 & 1995 combined). 
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Table 1. Effects of treatment on H. postica larval densities (±SE) per 20-
sweeps, combined percentage parasitism (±SE). percentage parasitism by 
Bathyplectes curculionis (±SE), and percentage parasitism by B. anurus (±SE), 
Ames 1994. 
Combined Percentage Percentage 
Treatment H. postica (P)* Parasitism {P) B. curcuL (P) B. anurus (P) 
*Pre-T reatment 
Control 
Lors.0.140 
Lors.0.280 
Lors.0.560 
Lors. 1.120 
M-pede 0.231 
M-pede 0.463 
M-pede 0.927 
M-pede 1.8S1 
Pounce 0.112 
Pounce 0.224 
Water 
Harvest 
11.9 
15.4 
14.6 
16.4 
15.3 
16.8 
17.6 
14.9 
13.5 
17.6 
11.5 
15.0 
16.7 
± 1.0 
±2.2 
±2.6 
±2.1 
±3.6 
±3.4 
±2.2 
± 1.5 
±2.1  
±2.0 
±0.6 
±2.1 
±3.6 
(0.144) 
(0.245) 
(0.066) 
(0.248) 
(0.078) 
(0.027) 
(0.167) 
(0.452) 
(0.025) 
(0.870) 
(0.183) 
(0.165) 
7.4 ± 2.2 
11.5 ± 3.7 
11.2 ± 3.4 
12.8 ± 6.6 
5.2 ± 2.6 
6.5 ± 2.6 
9.7 ± 4.9 
8.5 ± 5.1 
11.9 ± 2.5 
9.5 ± 5.0 
1.4 ± 1.4 
16.5 ± 5.6 
2.9 ± 1.6 
5-19 (267 
(0.250) 
(0.595) 
(0.549) 
(0.630) 
(0.938) 
(0.646) 
(0.897) 
(0.325) 
(0.955) 
(0.284) 
(0.377) 
(0.283) 
ODD) 
5.6 ± 1.8 
8.7 ± 2.9 
8.5 ± 3.0 
7.9 ± 5.2 
3.7 ± 2.5 
5.3 ± 2.0 
8.5 ± 3.8 
8.5 ± 5.1 
2.8 ± 1.8 
9.5 ± 5.0 
1.4 ± 1.4 
10.8 ± 4.2 
0.8 ± 0.8 
(0.191) 
(0.358) 
(0.659) 
(0.903) 
(0.653) 
(0.266) 
(0.344) 
(0.830) 
(0.916) 
(0.664) 
(0.336) 
(0.155) 
0.4 ± 0.4 
1.4 ± 1.4 
1.6 ± 1.6 
1.3 ± 1.3 
1.6 ± 1.6 
0.0 ± 0.0 
0.0 ± 0.0 
0.0 ± 0.0 
1.4 ± 1.4 
1.8 ± 1.8 
0.0 ± 0.0 
2.1 ± 2.1 
0.0 ± 0.0 
(0.427) 
(0.404) 
(0.457) 
(0.393) 
(0.854) 
(0.856) 
(0.856) 
(0.456) 
(0.381) 
(0.863) 
(0.336) 
(0.531) 
ANOVA 
Covariate 
F = 0.93 
df 12,109 
P = 0.522 
F = 0.85 
df 12,43 
P = 0,601 
P = 0.113 
F = 0.90 
df 12,43 
P = 0.554 
P = 0.068 
F = 0.53 
df 12,43 
P = 0-881 
P = 0.931 
•TREATMENT APPLICATIONS 
Control 
Lors.0.140 
Lors.0.280 
Lors.0.560 
Lors. 1.120 
M-pede 0.231 
M-pede 0.463 
M-pede 0.927 
M-pede 1.851 
Pounce 0.112 
Pounce 0.224 
Water 
Harvest 
23.1 ± 2.2 
8.9 ± 1.8 
5.5 ± 1.0 
5.8 ± 1.3 
2.4 ± 0.9 
23.6 ± 4.1 
23.0 ± 5.4 
28.4 ± 5.6 
22.0 ± 3.2 
10.0 ± 1.4 
13.5 ± 4.2 
20.0 ± 4.2 
3.4 ± 0.7 
(0.000) 
(0.000) 
(0.000) 
(0.000) 
(0.788) 
(0.969) 
(0.224) 
(0.997) 
(0.002) 
(0.003) 
(0.540) 
(0.000) 
26.0 ± 3.1 
24.1 ± 9.9 
14.4 ± 5.6 
14.7 ± 5.9 
4.2 ± 4.2 
31.8 ± 7.7 
13.3 ± 5.7 
28.2 ± 8.0 
20.3 ± 7.6 
23.0 ± 8.6 
20.9 ± 10.2 
31.7 ± 6.8 
16.5 ± 7.3 
5-23 (323 CDD) 
22.1 ± 2.7 
(0.373) 
(0.160) 
(0.230) 
(0.022) 
(0.669) 
(0.162) 
(0.824) 
(0.513) 
(0.506) 
(0.336) 
(0.565) 
(0.252) 
17.3 ± 8.5 
12.6 ± 5.3 
6.7 ± 4.4 
4.2 ± 4.2 
25.0 ± 6.4 
9.3 ± 6.2 
23.2 ± 7.4 
13.8 ± 6.2 
16.4 ± 7.4 
13.2 ± 6.5 
22.2 ± 7.5 
15.1 ± 7.4 
(0.153) 
(0.157) 
(0.027) 
(0.018) 
(0.847) 
(0.030) 
(0.729) 
(0.306) 
(0.362) 
(0.205) 
(0.767) 
(0.164) 
0.5 ± 0.5 
1.4 ± 1.4 
0.0 ± 0.0 
0.0 ± 0.0 
0.0 ± 0.0 
4.4 ± 2.3 
0.0 ± 0.0 
1.3 ± 1.3 
3.2 ± 2.1 
1.1 ± 1.1 
2.3 ± 1.5 
0.0 ± 0.0 
0.0 ± 0.0 
(0.449) 
(0.999) 
(0.995) 
(0.998) 
(0.012) 
(0.992) 
(0.479) 
(0.077) 
(0.415) 
(0.075) 
(0.879) 
(0.756) 
ANOVA 
Covariate 
F = 15.71 
df 12,108 
P = 0.000 
F = 1.22 
df 12,41 
P = 0.300 
P = 0.299 
F = 1.47 
df 12,41 
P = 0.177 
P = 0.058 
F = 1.50 
df 12,41 
P = 0.164 
P = 0316 
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5-25 (345 CDD) 
Control 15.4 ± 2.3 22.9 ± 3.6 16.2 ± 3.0 0.6 ± 0.6 
Lors.0.140 7.4 ± 1.4 (0.031) 17.8 ± 4.2 (0.849) 9.5 ± 3.7 (0.471) 0.0 ± 0.0 (0.391) 
Lors.0.280 5.0 ± 1.7 (0.001) 10.1 ± 6.5 (0.052) 8.3 ± 5.5 (0.303) 0.0 ± 0.0 (0.376) 
Lors.0.560 9.1 ± 1.8 (0.113) 29.2 ± 7.8 (0.837) 20.8 ± 7.7 (0.859) 0.0 ± 0.0 (0.419) 
Lors. 1.120 5.0 ± 1.0 (0.002) 3.8 ± 3.8 (0.004) 2.5 ± 2.5 (0.049) 0.0 ± 0.0 (0.360) 
M-pede 0.231 24.0 ± 7.1 (0.065) 30.2 ± 7.6 (0.219) 11.7 ±4.7 (0.545) 1.3 ± 1.3 (0.831) 
M-pede 0.463 24.6 ± 8.4 (0.038) 31.3 ± 7.0 (0.354) 17.7 ± 6.0 (0.769) 2.7 ± 1.8 (0.300) 
M-pede 0.927 17.3 ± 3.3 (0.473) 31.3 ± 7.9 (0.688) 23.9 ± 7.1 (0.704) 1.4 ± 1.4 (0.872) 
M-pede 1.851 22.9 ± 6.0 (0.066) 27.6 ± 5.0 (0.095) 20.2 ± 4.0 (0.766) 3.3 ± 2.3 (0.194) 
Pounce 0.112 13.5 ± 2.5 (0.809) 21.4 ± 5.2 (0.657) 11.1 ±4.7 (0.269) 0.0 ± 0.0 (0.418) 
Pounce 0.224 6.9 ± 2.6 (0.007) 10.1± 4.0 (0.613) 3.4 ± 2.2 (0.014) 3.6 ± 3.6 (0.329) 
Waier 18.4 ± 4.8 (0.386) 19.5 ± 3.1 (0.915) 6.2 ± 3.1 (0.184) 2.7 ± 1.8 (0.276) 
Harvest 6.6 ± 1.3 (0.001) 11.5 ±4.0 (0.010) 8.4 ± 3.4 (0.009) 0.0 ± 0.0 (0.476) 
ANOVA F = 7.88 F = 3.19 F = 2.04 F = 1.31 
df 12,108 df 12,41 df 12,41 df 12,41 
P = 0.000 P = 0.003 P = 0.045 P = 0.249 
Covariate P = 0.034 P = 0.001 P = 0.803 
5-27 (359 CDD) 
Control 25.3 ± 2.3 28.7 ± 3.2 22.9 ± 3.1 0.6 ± 0.4 
Lors.0.140 10.0 ± 2.1 (0.004) 15.6 ±5.5 (0.152) 19.4 ± 4.6 (0.935) 1.4 ± 1.4 (0.822) 
Lors.0.280 12.2 ± 2.2 (0.032) 14.9 ± 4.9 (0.147) 12.9 ± 4.5 (0.316) 0.0 ± 0.0 (0.238) 
Lors.0.560 7.6 ± 1.3 (0.000) 14.9 ± 5.5 (0.139) 8.4 ± 4.6 (0.068) 2.1 ± 2.1 (0.979) 
Lors. 1.120 6.0 ± 3.3 (0.000) 24.4 ± 9.3 (0.257) 18.4 ± 8.8 (0.475) 0.0 ± 0.0 (0.257) 
M-pede 0.231 27.8 ± 5.4 (0.099) 30.7 ± 3.3 (0.903) 25.6 ± 4.3 (0.459) 3.6 ± 2.0 (0.134) 
M-pede 0.463 23.4 ± 5.0 (0.452) 27.4 ± 3.5 (0.899) 20.0 ± 4.1 (0.771) 0.9 ± 0.9 (0.834) 
M-pede 0.927 30.5 ± 4.2 (0.014) 31.0 ±6.7 (0.979) 19.2 ± 5.2 (0.829) 0.7 ± 0.7 (0.532) 
M-pede 1.851 31.3 ± 4.2 (0.009) 29.6 ± 6.2 (0.741) 23.1 ± 5.5 (0.544) 1.5 ± 0.8 (0.670) 
Pounce 0.112 15.5 ± 2.4 (0.268) 25.0 ± 6.9 (0.649) 22.9 ± 6.9 (0.856) 0.6 ± 0.6 (0.351) 
Pounce 0.224 10.8 ± 2.3 (0.004) 33.8 ± 10.4 (0.583) 24.9 ± 4.9 (0.556) 0.0 ± 0.0 (0.577) 
Water 26.9 ± 4.7 (0.114) 27.6 ± 2.0 (0.935) 22.5 ± 3.7 (0.632) 0.0 ± 0.0 (0.330) 
Harvest 3.6 ± 0.5 (0.000) 17.9 ± 5.1 (0.143) 8.9 ± 4.1 (0.016) 1.3 ± 1.3 (0.785) 
ANOVA F = 16.48 F = 0.97 F = 1.67 F = 1.00 
df 12,107 df 12,43 df 12,43 df 12,43 
P = 0.000 P = 0.489 P - 0.109 P = 0.461 
Covariate P = 0.250 P = 0.702 P = 0.128 
5-29 (378 CDD) 
Control 25.4 ± 1.0 28.6 ± 3.2 25.8 ± 3.3 0.6 ± 0.6 
Lors.0.140 10.5 ± 2.2 (0.029) 28.1 ± 7.4 (0.727) 26.0 ± 7.5 (0.191) 2.1 ± 2.1 (0.381) 
Lors.0.280 9.9 ± 2.6 (0.021) 13.9 ± 5.2 (0.029) 10.0 ± 4.1 (0.358) 2.1 ± 2.1 (0.381) 
Lors.0.560 7.5 ± 2.1 (0.009) 20.3 ± 10.1 (0.072) 15.2 ± 7.0 (0.659) 0.0 ± 0.0 (0.901) 
Lors. 1.120 10.5 ± 3.6 (0.021) 12.6 ± 4.1 (0.021) 9.8 ± 3.3 (0.003) 1.8 ± 1.8 (0.430) 
M-pede 0.231 29.9 ± 3.4 (0.094) 25.7 ± 5.2 (0.754) 22.2 ± 5.6 (0.653) 0.5 ± 0.5 (0.669) 
M-pede 0.463 32.9 ± 2.2 (0.087) 27.5 ± 6.0 (0.772) 24.0 ± 5.8 (0.266) 0.0 ± 0.0 (0.913) 
M-pede 0.927 24.9 ± 1.5 (0.328) 27.8 ± 3.7 (0.930) 22.9 ± 3.2 (0.344) 2.2 ± 1.5 (0.174) 
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M-pede 1.851 34.8 ± 2.1 (0.020) 23.4 ± 3.1 (0.656) 18.1 ± 3.8 (0.830) 0.3 ± 0.3 (0.817) 
Pounce 0.112 18.5 ± 2.0 (0.718) 29.6 ± 5.2 (0.917) 27.3 ± 4.9 (0.916) 0.5 ± 0.5 (0.743) 
Pounce 0.224 13.6 ± 0.6 (0.015) 46.7 ± 10.3 (0.375) 43.4 ± 10.5 (0.664) 0.0 ± 0.0 (0.862) 
Water 27.9 ± 2.1 (0.191) 23.9 ± 5.1 (0.584) 23.3 ± 5.0 (0.336) 0.6 ± 0.6 (0.739) 
Harvest 9.1 ± 3.6 (0.000) 11.6 ±3.0 (0.004) 11.6 ±3.0 (0.155) 0.0 ± 0.0 (0.561) 
ANOVA F = 7.75 F = 2.20 F = 2.70 F = 0.45 
df 12,109 df 12,43 df 12,43 df 12,43 
P = 0.000 P = 0.029 P = 0.008 P = 0.932 
Covariate P = 0.743 P = 0.849 P = 0.598 
* P value versus control for LSD (STDERR PDIFF) test 
P value for percentage parasitism in adjacent untreated subplots. 
Table 2. Effects of treatment on H. postica larval densities (±SE) per 20-sweeps, combined 
percentage parasitism (±SE), i^rcentage parasitism by Bathyplectes curculionis 
(±SE), and percentage parasitism by B. anurus (±SE), Chariton 1995. 
Conbined Percentage Percentage 
Treaiment H. postica (P)* Parasitism {F) B. curcul. (P) B. anurus (P) 
•Pre-Treatment 5-21 (208 CDD) 
Control 10.8 ± 0.9 37.4 ± 5.9 11.1 ±7.9 20.6 ± 4.5 
Lors.0.140 11.0 ± 1.0 (0.709) 53.5 ± 3.3 (0.113) 22.2 ± 6.4 (0.288) 16.6 ± 3.5 (0.859) 
Lors.0.280 12.0 ± 0.7 (0.407) 41.7 ± 3.4 (0.713) 15.8 ± 8.6 (0.693) 24.1 ± 11.5 (0.958) 
Lors.0.560 9.3 ± 1.5 (0.422) 33.6 ± 6.0 (0.711) 9.7 ± 5.7 (0.590) 19.0 ± 11.2 (0.412) 
Lore. 1.120 7.8 ± 0.8 (0.105) 40.7 ± 7.0 (0.639) 19.7 ± 4.2 (0.481) 20.9 ± 9.4 (0.746) 
Pounce 0.112 8.0 ± 1.0 (0.130) 32.6 ± 5.3 (0.657) 2.8 ± 2.8 (0.332) 23.2 ± 4.0 (0.772) 
Pounce 0.224 10.7 ± 3.3 (0.992) 33.8 ± 9.2 (0.972) 8.6 ± 4.8 (0.704) 25.3 ± 8.1 (0.741) 
Sevin 0.361 11.0 ± 1.5 (0.826) 53.1 ± 8.4 (0.120) 14.2 ± 6.3 (0.837) 33.2 ± 16.2 (0.659) 
Sevin 0.722 10.0 ± 0.9 (0.769) 47.5 ± 4.1 (0.262) 24.6 ± 9.8 (0.605) 19.8 ± 3.7 (0.779) 
ANOVA F = 1.47 F = 1.18 F = 1.25 F = 0.29 
df 8, 23 df 8, 22 df 8, 22 df 8, 22 
P = 0.224 P = 0357 P = 0.319 P = 0.962 
Covariate ^ P = 0.512 P = 0.045 P = 0.082 
•TREATMENT APPLICATIONS 
5-25 (227 CDD) 
Control 7.5 ± 1.8 43.8 ± 6.6 13.1 ± 7.6 30.7 ± 7.5 
Lore.0.140 5.5 ± 0.5 (0.297) 33.9 ± 20.9 (0.367) 9.8 ±6.1 (0.814) 20.5 ± 13.6 (0.322) 
Lors.0.280 3.3 ± 1.4 (0.008) 25.6 ± 17.9 (0.326) 0.0 ± 0.0 (0.144) 20.0 ± 20.0 (0.376) 
Lore.0.560 3.0 ± 0.9 (0.003) 12.5 ± 12.5 (0.064) 12.5 ± 12.5 (0.688) o b +
1 o
 
o
 (0.024) 
Lore. 1.120 3.3 ± 0.5 (0.009) 31.3 ± 12.0 (0.457) 6.3 ± 6.3 (0.536) 12.5 ± 12.5 (0.085) 
Pounce 0.112 2.3 ± 1.1 (0.001) 31.1 ± 17.4 (0.488) 17.8 ± 9.7 (0.568) 13.3 ± 13.3 (0.256) 
Pounce 0.224 4.0 ± 0.7 (0.033) 29.2 ± 13.8 (0.385) 16.7 ± 16.7 (0.885) 12.5 ± 7.2 (0.216) 
Sevin 0.361 9.5 ± 1.1 (0.206) 65.8 ± 2.1 (0.489) 10.6 ± 4.5 (0.965) 55.3 ± 5.0 (0.179) 
Sevin 0.722 5.5 ± 0.9 (0.275) 18.2 ± 7.2 (0.206) 0.0 ± 0.0 (0.201) 18.2 ± 7.2 (0.545) 
ANOVA F = 5.64 F = 1.20 F = 0.69 F = 2.37 
df 8, 24 df 8, 21 df 8, 21 df 8, 21 
P = 0.000 P = 0.345 P = 0.693 P = 0.054 
Covariate P = 0.714 P = 0.767 P = 0.238 
5-29 (250 CDD) 
Control 10.5 ± 1.5 47.9 ± 9.3 10.0 ± 4.0 37.9 ± 8.2 
Lore.0.140 8.3 ± 2.8 (0.286) 39.6 ±7.1 (0.718) 12.5 ± 12 (0.931) 25.0 ± 3.4 (0.469) 
Lore.0.280 6.3 ± 1.7 (0.090) 22.9 ± 10.4 (0.183) 5.0 ± 5.0 (0.324) 13.8 ± 8.0 (0.087) 
Lore.0.560 1.5 ± 0.5 (0.000) 33.3 ± 16.7 (0.341) 0.0 ± 0.0 (0.251) 0.0 ± 0.0 (0.007) 
Lore. 1.120 4.0 ± 1.2 (0.004) 38.3 ± 7.3 (0.673) 12.5 ± 12.5 (0.586) 20.8 ± 12.5 (0.159) 
Pounce 0.112 3.5 ± 2.0 (0.003) 41.7 ± 30.0 (0.779) 0.0 ±0.0 (0.155) 41.7 ± 30.0 (0.968) 
Pounce 0.224 1.0 ± 0.4 (0.000) 0.0 ± 0.0 (0.009) 0.0 ±0.0 (0.191) o b 1+ o
 
b
 (0.014) 
96 
Table 2. continued. 
Sevin 0.361 8.8 ± 1.3 (0.656) 36.3 ± 4.7 (0.626) 14.0 ± 5.2 (0.618) 22.3 ± 4.3 (0.382) 
Sevin 0.722 7.5 ± 0.6 (0.991) 34.0 ± 5.9 (0.548) 19.0 ± 7.5 (0.412) 8.6 ± 5.1 (0.067) 
ANOVA F = 5.39 F = 1.43 F = 1.42 F = 2.03 
df 8, 23 df 8, 20 df 8, 20 df 8, 20 
P = 0.001 P = 0.245 P = 0.248 P = 0.096 
Covariate P = 0.935 P = 0.437 P = 0.639 
6-3 (291 CDD) 
Control 12.0 ± 2.9 11.3 ±9.6 5.0 ± 5.0 6.3 ± 4.7 
Lors.0.140 6.8 ± 2.5 (0.077) 13.3 ± 8.2 (0.775) 13.3 ± 8.2 (0.182) 0.0 ± 0.0 (0.171) 
Lors.0.2g0 8.8 ± 2.0 (0.324) 21.9 ± 9.1 (0.195) 14.4 ± 5.0 (0.244) 7.5 ± 5.2 (0.581) 
Lors.0.560 4.0 ± 0.9 (0.008) 14.2 ± 9.5 (0.793) 4.2 ± 4.2 (0.687) 10.0 ± 10.0 (0.960) 
Lors. 1.120 8.8 ± 5.2 (0.128) 0.0 ± 0.0. (0.205) 0.0 ± 0.0 (0.777) 0.0 ± 0.0 (0.167) 
Pounce 0.112 9.3 ± 1.5 (0.450) 11.3 ± 6.6 (0.898) 5.0 ± 5.0 (0.879) 6.3 ± 6.3 (0.706) 
Pounce 0.224 2.5 ± 1.2 (0.001) 6.7 ± 6.7 (0.983) 0.0 ± 0.0 (0.715) 6.7 ± 6.7 (0.832) 
Sevin 0.361 10.8 ± 1.1 (0.801) 8.0 ± 5.5 (0.888) 4.2 ± 2.4 (0.616) 3.8 ± 3.8 (0.564) 
Sevin 0.722 11.5 ± 1.6 (0.964) 14.0 ± 5.5 (0.527) 7.8 ± 4.2 (0.351) 4.2 ± 4.2 (0.565) 
ANOVA F = 3.51 F = 0.94 F = 0.97 F = 0.84 
df 8, 23 df 8, 21 df 8, 21 df 8, 21 
P = 0.008 P = 0.504 P = 0.485 P = 0.575 
Covariate P = 0.823 P = 0.247 P = 0.124 
6-7 (372 CDD) 
Control 21.3 ± 3.6 2.5 ± 2.5 0.0 ± 0.0 2.5 ± 2.5 
Lors.0.140 11.5 ± 1.7 (0.064) 2.3 ± 2.3 (0.701) 0.0 ± 0.0 (0.994) 2.3 ± 2.3 (0.962) 
Lors.0.280 10.5 ± 0.9 (0.041) 0.0 ± 0.0 (0.806) 0.0 ± 0.0 (0.996) 0.0 ± 0.0 (0.342) 
Lors.0.560 6.0 ± 2.9 (0.001) 3.7 ± 3.7 (0.599) 3.7 ± 3.7 (0.213) 0.0 ± 0.0 (0.362) 
Lors. 1.120 10.8 ± 3.5 (0.033) 0.0 ± 0.0 (0.827) 0.0 ± 0.0 (0.995) 0.0 ± 0.0 (0.342) 
Pounce 0.112 9.3 ± 1.5 (0.100) 9.4 ± 9.4 (0268) 6.3 ± 6.3 (0.152) 0.0 ± 0.0 (0.342) 
Pounce 0.224 6.8 ± 1.7 (0.003) 5.6 ± 3.2 (0.254) 0.0 ± 0.0 (0.989) 5.6 ± 3.2 (0.292) 
Sevin 0.361 15.5 ± 1.7 (0.307) 4.4 ± 2.7 (0.363) 2.8 ± 2.8 (0.344) 1.7 ± 1.7 (0.945) 
Sevin 0.722 20.3 ± 6.5 (0.131) 1.2 ± 1.2 (0.914) 0.0 ± 0.0 (0.994) 1.2 ± 1.2 (0.761) 
ANOVA F = 3.01 F = 0.65 F = 0.82 F = 0.97 
df 8, 24 df 8, 22 df 8, 22 df 8, 22 
P = 0.018 P = 0.820 P = 0.593 P = 0.487 
Covariate P = 0.223 P = 0.968 P = 0.621 
® P value versus control for LSD (STDERR PDIFF) test 
P value for percentage parasitism in adjacent untreated subplots. 
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Table 3. Effects of treatment on larval densities (±SE) per 20-sweeps, 
combined percentage parasitism (±SE), percentage parasitism by Bathyplectes 
curculionis (±SE), and percentage parasitism by B. anurus (±SE), Ames 1995. 
Combined Percentage Percentage 
Treatment H.postica (P) Parasitism (P) B. curcuL (P) B. anurus (P) 
*Pre-T reatment 5-26 (213 CDD) 
Control 7.8 ± 1.1 23.1 ± 1.2 9.0 ± 5.9 11.3 ±6.6 
Lors.0.140 7.3 ± 1.8 (0.751) 6.3 ± 6.3 (0.054) 6.3 ± 6.3 (0.928) 0.0 ± 0.0 (0.030) 
Lors.0.280 7.0 ± 0.4 (0.756) 25.2 ± 4.8 (0.939) 127 ± 4.4 (0.545) 4.2 ± 4.2 (0.106) 
Lors.0.560 8.3 ± 1.7 (0.847) 24.2 ± 8.5 (0.764) 22.3 ± 7.6 (0.193) 1.9 ± 1.9 (0.053) 
Lore. 1.120 7.0 ± 0.9 (0.730) 4.2 ± 4.2 (0.040) 4.2 ± 4.2 (0.910) 0.0 ± 0.0 (0.031) 
Pounce 0.112 8.0 ± 0.7 (0.879) 30.1 ± 9.6 (0.783) 17.1 ± 9.1 (0.295) 13.0 ± 0.8 (0.787) 
Pounce 0224 9.8 ± 1.9 (0.406) 24.1 ± 4.6 (0.953) 19.3 ± 2.6 (0.109) 4.8 ± 3.0 (0.303) 
Sevin 0.361 7.5 ± 1.8 (0.825) 36.5 ± 11.1 (0.525) 28.4 ± 14.1 (0.103) 4.5 ± 4.5 (0.119) 
Sevin 0.722 9.0 ± 1.4 (0.577) 28.9 + 12.3 (0.912) 22.0 ± 8.3 (0.224) 5.0 ± 5.0 (0.283) 
Water 11.5 ± 1.8 (0.124) 28.7 ± 7.1 (0.722) 192 ± 9.5 (0.722) 7.7 ± 2.8 (0.227) 
H^est 9.1 ± 1.4 (0.431) 25.6 ± 6.9 (0.803) 12.3 ± 4.0 (0.491) 7.5 ± 4.3 (0.662) 
ANOVA F = 0.23 F = 1.93 F = 1.02 F = 1.70 
df 10, 33 df 10, 30 df 10, 30 df 10, 30 
P = 0.655 P = 0.080 P = 0.452 P = 0.127 
Covariate ^ P = 0.800 P = 0.047 P = 0.222 
•TREATMENT APPLICATIONS 
5-31 (251 CDD) 
Control 10.0 ± 3.2 21.4 ± 2.7 15.2 ± 5.6 6.3 ± 6.3 
Lors.0.140 8.3 ± 1.2 (0.741) 26.7 ± 3.8 (0.761) 17.2 ± 2.7 (0.653) 2.5 ± 2.5 (0.506) 
Lors.0.280 5.0 ± 2.3 (0.118) 27.8 ± 2.8 (0.646) 27.8 ± 27.8 (0.349) 0.0 ± 0.0 (0.325) 
Lors.0.560 2.8 ± 0.9 (0.026) 44.4 ± 15.5 (0.800) 25.0 ± 14.4 (0.797) 8.3 ± 8.3 (0.362) 
Lors. 1.120 4.0 ± 1.9 (0.062) 14.8 ± 14.8 (0.243) 3.7 ± 3.7 (0.273) 7.4 ± 7.4 (0.698) 
Pounce 0.112 6.5 ± 2.5 (0.308) 34.1 ± 7.2 (0.475) 25.7 ± 11.2 (0.636) 0.0 ± 0.0 (0.232) 
Pounce 0.224 5.8 ± 1.9 (0.232) 21.9 ± 14.8 (0.525) 18.8 ± 12.0 (0.965) 0.0 ± 0.0 (0.240) 
Sevin 0.361 4.8 ± 0.6 (0.161) 37.5 ± 13.1 (0.553) 13.3 ± 8.2 (0.703) 10.0 ± 5.8 (0.332) 
Sevin 0.722 8.0 ± 2.1 (0.604) 23.5 ± 6.2 (0.933) 13.9 ± 7.9 (0.852) 3.3 ± 3.3 (0.791) 
Water 12.8 ± 1.2 (0.412) 31.7 ± 10.1 (0.235) 17.6 ± 3.0 (0.459) 10.0 ± 7.3 (0.992) 
Harvest 9.6 ± 2.5 (0.839) 39.1 ± 6.0 (0.566) 24.7 ± 7.0 (0.654) 6.9 ± 4.3 (0.807) 
ANOVA F = 1.85 F = 0.89 F = 0.62 F = 0.95 
df 10, 34 df 10, 27 df 10, 27 df 10, 27 
P = 0.089 P = 0.557 P = 0.781 P = 0.505 
Covariate P = 0.933 P = 0.622 P = 0.211 
6-4 (288 CDD) 
Control 9.5 ± 2.2 17.0 ± 5.9 17.0 ± 5.9 0.0 ± 0.0 
Lors.0.140 4.3 ± 1.4 (0.047) 14.9 ± 10.1 (0.892) 10.7 ± 10.7 (0.616) 4.2 ± 4.2 (0.333) 
Lors.0.280 5.3 ± 2.0 (0.105) 27.3 ± 24.3 (0.663) 27.3 ± 24.3 (0.711) 0.0 ± 0.0 (0.900) 
Lors.0.560 3.8 ± 1.2 (0.031) 53.6 ± 17.6 (0.061) 41.1 ± 8.9 (0.307) 12.5 ± 12.5 (0.043) 
Lors. 1.120 2.3 ± 0.5 (0.005) 25.0 ± 25.0 (0.739) 25.0 ± 25.0 (0.675) 0.0 ± 0.0 (0.956) 
table 3. continued. 
Pounce 0.112 5.812.8 (0.113) 29.5 ± 23.9 (0.532) 29.5 ± 23.9 (0.506) 0.0 ± 0.0 (0.875) 
Pounce 0.224 3.5 ± 0.9 (0.026) 25.0 ± 14.4 (0.577) 20.8 ± 12.5 (0.721) 4.2 ± 4.2 (0.242) 
Sevin 0.361 5.5 ± 1.7 (0.146) 21.7 ± 7.9 (0.680) 21.7 ± 7.9 (0.641) 0.0 ± 0.0 (1.000) 
Sevin 0.722 4.8 ± 1.1 (0.087) 21.7 ± 15.7 (0.962) 21.7 ± 15.7 (0.981) 0.0 ± 0.0 (1.000) 
Water 9.0 ± 1.5 (0.911) 28.2 ±6.1 (0.962) 22.1 ± 5.4 (0.863) 0.0 ± 0.0 (0.752) 
Harvest 6.8 ± 1.5 (0.240) 15.2 ± 5.4 (0.395) 13.3 ± 4.5 (0.535) 1.0 ± 1.0 (0.936) 
ANOVA F = 1.71 F = 0.68 F = 0.40 F = 1.07 
df 10, 34 df 10, 31 df 10, 31 df 10, 31 
P = 0.118 P = 0.733 P = 0.936 P = 0.417 
Covariate P = 0.741 P = 0389 P = 0.717 
6-8 (343 CDD) 
Control 5.8 ± 1.2 25.0 ± 3.4 16.7 ± 5.9 0.0 ± 0.0 
Lors.0.140 2.8 ± 1.0 (0.031) 0.0 ± 0.0 (0.055) 0.0 ± 0.0 (0.113) 0.0 ± 0.0 
Lors.0.280 2.8 ± 1.1 (0.029) 11.1 ± 11.1 (0.282) 11.1 ± 11.1 (0.571) 0.0 ± 0.0 
Lors.0.560 1.5 ± 0.6 (0.002) 0.0 ± 0.0 (0.158) 0.0 ± 0.0 (0.315) 0.0 ± 0.0 
Lors. 1.120 2.3 ± 0.5 (0.016) 12.5 ± 12.5 (0.287) 12.5 ± 12.5 (0.628) 0.0 ± 0.0 
Pounce 0.112 4.3 ± 1.0 (0.324) 4.2 ± 4.2 (0.252) 4.2 ± 4.2 (0.702) 0.0 ± 0.0 
Pounce 0.224 4.0 ± 1.4 (0.224) 40.6 ± 22.5 (0.113) 28.1 ± 12.9 (0.070) 0.0 ± 0.0 
Sevin 0.361 3.8 ± 1.1 (0.179) 0.0 ± 0.0 (0.054) 0.0 ± 0.0 (0.039) 0.0 ± 0.0 
Sevin 0.722 4.8 ± 1.2 (0.509) 3.6 ± 3.6 (0.145) 3.6 ± 3.6 (0.316) 0.0 ± 0.0 
Water 8.5 ± 0.9 (0.122) 23.7 ± 13.7 (0.298) 21.2 ± 14.7 (0.641) 2.5 ± 2.5 
Harvest 4.4 ± 0.7 (0.305) 7.0 ± 3.2 (0.487) 4.6 ± 3.1 (0.053) 0.0 ± 0.0 
ANOVA F = 3.63 F = 2.35 F = 2.72 No 
df 10, 34 df 10, 27 df 10, 27 Analysis 
P = 0.002 P = 0.038 P = 0.019 
Covariate P = 0.081 P = 0.008 
6-12 (372 CDD) 
Control 8.0 ± 2.0 11.3 ±6.6 8.1 ± 4.9 0.0 ± 0.0 
Lors.0.140 5.0 ± 1.7 (0.229) 4.2 ± 4.2 (0.380) 4.2 ± 4.2 (0.467) 0.0 ± 0.0 (0.947) 
Lors.0.280 4.8 ± 0.6 (0.248) 4.2 ± 4.2 (0.540) 0.0 ± 0.0 (0.329) 0.0 ± 0.0 (1.000) 
Lors.0.560 4.8 ± 0.8 (0.248) 3.6 ± 3.6 (0.514) 3.6 ± 3.6 (0.587) 0.0 ± 0.0 (0.953) 
Lors. 1.120 3.8 ± 1.5 (0.073) 22.2 ± 14.7 (0.627) 22.2 ± 14.7 (0.557) 0.0 ± 0.0 (0.941) 
Pounce 0.112 3.8 ± 1.3 (0.091) 31.3 ± 23.7 (0.234) 31.3 ± 23.7 (0.151) 0.0 ± 0.0 (1.000) 
Pounce 0.224 3.3 ± 0.9 (0.061) 8.3 ± 8.3 (0.681) 8.3 ± 8.3 (0.750) 0.0 ± 0.0 (1.000) 
Sevin 0.361 7.3 ± 2.3 (0.769) 8.3 ± 8.3 (0.685) 8.3 ± 8.3 (0.783) 0.0 ± 0.0 (0.931) 
Sevin 0.722 6.8 ± 1.5 (0.678) 27.9 ± 3.3 (0.208) 12.9 ± 5.3 (0.692) 4.2 ± 4.2 (0.028) 
Water 12.6 ± 4.6 (0.987) 10.8 ± 5.4 (0.635) 10.8 ± 5.4 (0.751) 0.0 ± 0.0 (0.979) 
Harvest 6.8 ± 1.3 (0.579) 7.3 ± 4.0 (0.972) 6.1 ± 4.1 (0.997) 0.0 ± 0.0 (0.986) 
ANOVA F = 1.11 F = 1.11 F = 0.92 F = 0.96 
df 10, 34 df 10, 29 df 10, 29 df 10, 29 
P = 0.385 P = 0.386 P = 0J27 P = 0.499 
Covariate P = 0.876 P = 0.689 P = 0.697 
® P value versus control for LSD (STDERR PDIFF) test 
P value for percentage parasitism in adjacent untreated subplots. 
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CHAPTER 5. REDUCED INSECTICIDE RATES AND STRIP-HARVESTING: 
EFFECT ON ARTHROPOD PREDATOR ABUNDANCE IN FIRST GROWTH 
ALFALFA 
A paper to be submitted to the Journal of the Kansas Entomological Society 
Kristopher Giles & John Obrycki 
Abstract 
In 1994, arthropod predator abundance was significantly reduced in harvested alfalfa 
strips and strips treated with Pounce 3.2 EC® (permethrin) applied at 0.112 and 0.224 kg (AI) 
/ ha in 1994 but not in 1995 when rainfall occurred on the day of insecticide application and 
harvested alfalfa was not crimped. Reductions in predator densities from applications of 
Pounce 3.2 EC and harvesting were mainly due to reductions in the relative abundance of 
Araneae, and hemipterans and Araneae, respectively. Compared to control strips, Lorsban 
4E® applied at 0.140,0.280,0.560, and 1.120 kg (AI) / ha did not result in consistent, 
significant reductions in arthropod predator abundance. All rates of Lorsban 4E, Poimce 3.2 
EC and harvesting (1994) reduced pea aphid Acynhosiphon pisum densities in 1994. 
Reductions in prey (A. pisum and Hypera postica larvae) densities may have contributed to 
decreased movement of predators to areas of low prey density and subsequent lower 
abundance of predators in treated alfalfa strips. This study demonstrates that effective rates of 
Lorsban 4E, those that reduce H. postica larval densities, do not significantly affect arthropod 
predator abundance when applied in strips. 
Introduction 
A wide range of arthropod predators, including species from seven insect orders and 
five spider families, have been reported to feed on the alfalfa weevil Hypera postica Gyllenhal 
(Coleoptera: Curculionidae) in alfalfa (Howell & Pienkowski 1971, Barney & Armbrust 1981, 
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Giles et al. 1994). In Iowa, numbers of coccinellid and hemipteran predators were highly 
correlated with increasing H. postica larval densities, and predation of H. postica larvae was 
conunonly observed (Giles et al. 1994). DeGooyer et al. (1995) observed 29% unexplained 
mortality between H. postica larval stages when arthropod predator densities were highest and 
correlations between densities of H. postica larvae and predators were strongest (Giles et al. 
1994). 
Even though predation is a contributing factor to the suppression of H. postica densities 
(Harcourt et al. 1977, DeGooyer et al. 1995), arthropod predators are ignored under current H. 
postica management programs (Wedberg et al. 1980, Higgins et aL 1988, Steffey & Armbrust 
1991). These programs have been developed to suppress H. postica larval outbreaks with 
insecticides and/or harvesting without considering the post-treatment effect on predators. Also 
ignored in current H. postica management programs are the effects of insecticides and 
harvesting on other insect prey that occur with H. postica larval populations. For example, pea 
aphid Acynhosiphon pisum and H. postica larval densities are highly correlated in first growth 
alfalfa in Iowa, and both arc preyed upon by arthropod predators (Giles et al. 1994). 
To develop an integrated control program for A. pisum, several studies determined the 
effect of insecticides on arthropod predators in alfalfa (Summers et al. 1975, McDonald & 
Harper 1978, Syrett & Penman 1980). However, very little woric has been conducted to 
determine the impact of insecticide applications and harvesting for postica suppression on 
arthropod predators. Brandenburg (1985) demonstrated that different spray volumes of broad 
spectrum insecticides, methomyl and fenvalerate, killed similar numbers of predatory 
arthropods. In Kentucky, spider populations were significantly reduced for 14 days following 
application of carbofuran, dimethoate and azinphosmethyl (Culin & Yeargan 1979). Howell & 
Pienkowski (1971) demonstrated that the effect of alfalfa harvest on spider populations was 
dependent upon spider mobility. Densities of highly mobile Araneae were not affected by 
harvest, whereas less mobile Araneae more slowly recolonized harvested areas. 
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As part of a larger study determining die impact of integrated control tactics on natural 
enemies of the alfalfa weevil in Iowa, Giles (1996) utilized reduced rates (reduced kg (AI) / ha) 
of insecticides and strip-harvesting to maximize mortality of H. postica larvae with Zoophthora 
phytonomi (Entomophthorales: Entomophthoraceae). During an epizootic of Z phytonomi 
(>50% infection levels), disease prevalence was not affected by insecticide treatments. 
Additionally, total larval parasitism by Bathyplectes curculionis and B. anunts was unaffected 
in treated plots. The objective of this study was to document the effect of reduced insecticide 
rates and strip-harvesting on arthropod predator abundance in first growth alfalfa. 
Additionally, we quantified the relationship between predator and prey abundance in treated 
areas. 
Materials and Methods 
This study was part of a larger study (Papers 3 & 4) that determined the impact of these 
treatments on disease levels by Z phytonomi and parasitism by the larval parasitoids B. 
curculionis and B. amirus. Predator abundance was determined from the same sweep-samples 
taken from experimental subplots in papers 3 & 4 (See materials and methods firom each 
section for experimental design, treatments, sampling method, and sampling regime). Samples 
were frozen immediately after removing H. postica larvae for rearing, and later sorted to 
determine predator and A. pisum abundance per sampling unit 
Predators and Alternative Prey. Insect predators were classified as one group 
and included coleopterans (Coccinellidae) and hemipterans (Nabidae and Pentatomidae) that 
feed on H. postica and A. pisum (Barney & Armbrust 1981, Giles et al 1994). The 
coccrnellids found in the study were Coleomegilla maculata Timberlake (Coleoptera: 
Coccinellidae) Hippodanua convergens Guerin, Hippodamia parenthesis Say, H. 
tredecimpunctata Say, Coccinella septempunctata L., and Cycloneda munda Say. 
Representatives of tiie family Nabidae (nymphs and adults) were not identified to species, 
however, Podisus maculiventris Say (Pentatomidae) adults were identified. Araneae collected 
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in samples were also included for estimates of predator abundance but were not identified to 
species. A. pisum densities were tabulated for each sample in 1994 to determine the effects of 
treatments on this alternative prey species, but not in 1995. 
Statistical Analysis. In 1994. the number of predators per 20-sweeps in treated 
subplots and controls were normalized (SQRT [x + 1]) and analyzed by analysis of covariance 
(ANCOVA) for each sample date, with blocks and treatments as main factors, and H. postica 
larval numbers and A. pisum numbers as covariates (PROC GLM, SAS 1985). The number 
of A pisum per 20-sweeps in treated subplots and controls were normalized (SQRT [x + 1]) 
and analyzed by analysis of variance (ANOVA) for each sample date, with blocks and 
treatments as factors (PROC GLM, SAS 1985). Analysis of predator abundance in 1995 was 
similar to 1994 (ANCOVA), however, H. postica larval density was the only covariate. 
Treatment means (LSMEANS) for predator and A. pisum abundance for each analysis were 
separated by the least significant difference test (STDERR PDIFF). 
Voucher Specimens. Voucher specimens (Arthropod predators) are deposited in 
the Department of Entomology Insect Collection, Iowa State University, Ames Iowa. 
Results 
Predators, Ames 1$^4. With the exception of subplots designated for harvest (>11 
predators per 20 sweeps), the number of arthropod predators in pretreatment samples were 
similar for all treatments (3-5 predators per 20 sweeps. Table 1). ANCOVA revealed a strong 
relationship between predator and prey abundance in pretreatment samples (H. postica P = 
0.067, A. pisum P = 0.065). For post-treatment samples, predator abundance was 
significantly different among treatments for 3 of 4 post-treatment sampling dates (Table 1). 
Compared to controls, significandy fewer predators were collected in harvested subplots for all 
post-treatment sampling dates (Table 1). Reductions in predator densities from harvesting 
were mainly due to reductions in the relative abundance of hemipterans and Araneae (Table 2). 
Predator numbers in subplots treated with Pounce 3.2 EC at 0.224 kg (AI) / ha were 
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signiticantly lower than controls for 3 of 4 post-treatment sampling dates, whereas predator 
numbers in subplots treated at 0.112 kg (AI) / ha were significantly lower for 2 of 4 post-
treatment sampling dates (Table 1). Reductions in predator densities from applications of 
Pounce 3.2 EC were mainly due to reductions in the relative abundance of Araneae (Table 2). 
Despite a trend for lower predator numbers in subplots treated with all rates of Lorsban 4E, 
only 0.560 kg (AI) / ha resulted in significantly lower predator numbers on one date (5-29-94) 
than control plots (Table 1). Reductions in predator densities from applications of Lorsban 4E 
were mainly due to reductions in the relative abundance of coccinellids and Araneae (Table 2). 
Compared vnth controls, no reductions in predator abundance were observed in plots treated 
with all rates of M-pede for all post-treatment sampling dates (Table 1). Additionally, there 
were weak relationships between predator and prey abundance for all post-treatment sampling 
dates (Table 1, Covariate measures). 
A. pisum, 1994. For all post-treatment sampling dates, A. pisum numbers differed 
significantly among treatments (Table 1). With the exception of Lorsban 4E at 0.560 kg (AI) / 
ha on 5-25-94, and 0.560 and 1.120 kg (AI) / ha on 5-29-94, A. pisum numbers for all rates 
of Lorsban 4E for aU post-treatment sampling dates were significantly lower than control plots 
(Table 1). Compared to control subplots, no reductions in A pisum numbers were observed 
in plots treated with M-pede for all sampling dates (Table 1). A. pisum numbers in subplots 
treated with Pounce 3.2 EC at 0.224 kg (AI) / ha were significantly lower than controls for 3 of 
4 post-treatment sampling dates, whereas A. pisum numbers in subplots treated with 0.112 kg 
(AI) / ha were significantly lower for 2 of 4 post-treatment sampling dates (Table 1). In 
harvested subplots, A. pisum numbers for 3 of 4 post-treatment sampling dates were 
significantly lower than in control plots (Table 1). 
Predators, Chariton & Ames 1995. For pre- and all post-treatment sampling 
dates, predator abundance was statistically similar among treatments in Chariton (Table 3) and 
Ames (Table 4). No clear trends in predator reductions (LSD, PDIFF) for individual 
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treatments were obser\'ed at Chariton or Ames (Tables 3 & 4). In Chariton and in Ames, no 
significant relationships were detected (ANCOVA) between predator and H. postica larval 
abundance for all post-treatment sampling dates (Tables 3 & 4). 
Discussion 
Coccinellids, Hemipterans and Araneae 
Coccinellids are highly mobile widely occurring predators that rapidly recolonize 
pesticide treated systems (Panis 1980). In citrus orchards, adult coccinellids renewed 
predation on surviving coccoids 10 days after applications of methidathion (Panis 1980). In 
1994 in Ames, only higher rates of Lorsban 4E affected the relative abundance of adult 
coccinellids in postieatment samples (Table 2). Relative to hemipterans and Araneae, 
coccinellids appear to be able to rapidly recolonize managed alfalfa strips. Compared with 
coccinellids and Araneae, insecticides had little affect on hemipteran relative abundance; 
however, harvesting dramatically reduced their numbers (Table 2). It is unclear as to why 
numbers of highly mobile hemipterans (mostly Nobis spp.) were selectively affected by 
harvest Hemipteran abundance may have been low because of low prey numbers or the harsh 
environments of harvested areas Gow humidity and no shading). 
In general, insecticides are less toxic to hemipterans (Nabidae) and coccinellids, but 
more toxic to Araneae (Croft 1990). In addition to the high susceptibility of Araneae to 
insecticides (Culin & Yeargan 1979, Croft 1990), residues of insecticide tend to collect on 
spider webs, and spiders that consume their webs are at high risk of dying (Samu 1992). This 
susceptibility to insecticides may explain the selective reduction in Araneae relative abundance 
in alfalfa treated with Lorsban 4E and Pounce 3.2 EC (Table 2). Reductions of Araneae in 
harvested plots may be due to differences in species mobility. In Virginia, highly mobile 
Araneae species rapidly recolonized harvested areas compared with less mobile species 
(Howell & Pienkowski 1971). 
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Management tactics and Arthropod Predator Abundance 
Management tactics used to suppress insect pest outbreaks usually are designed to 
produce high levels of pest mortality without regard to the impact on other arthropods within 
agroecosystems (Plapp 1991). This is especially true when broad spectrum insecticides are 
used; these compounds are often more toxic to arthropod predators and parasitoids than 
targeted pest species (Plapp 1991, Croft 1990). In alfalfa, methomyl (1.01 kg (AI) / ha) and 
fenvalerate (0.11 kg (AI) / ha) are highly toxic to predatory arthropods (Brandenburg 1985). 
Syrett and Penman (1980) demonstrated that fenvalerate is more selective than chlorpyrofos; 
chlorpyrofos equal numbers of aphids and arthropod predators, whereas, fenvalerate is 5-
1000 times more toxic to aphids. Pedigo et al. (unpublished reports 1987,1989,1991) 
reported that Pounce 3.2 EC (permethrin) applied at 0.110 kg / (AI), and Lorsban 4E 
(chlorpyrofos) applied at 0.280,0.560, and 1.120 kg (AI) / ha significantly reduced adult 
coccinellid numbers for 7 days; however, no significant differences were observed 14 days 
following treatment with Lorsban 4E. 
In 1994 in Ames, significant differences in predator numbers among treatments (Table 
1) may be attributable to a lack of rainfall (0.5nun / day during experiment) and subsequent 
persistence of insecticides on alfalfa foliage during the experiment; rain occurred two days after 
application in 1994, but occurred on the day of application in 1995 at Chariton (7.2 mm / day) 
and Ames (1.7 mm / day) (Iowa Climate Review 1994 & 1995). No consistent reductions in 
predator abundance was observed following treatment at Chariton and Ames (1995); rainfall on 
the day of application in Chariton and Ames (1995) may have reduced insecticide persistence in 
treated alfalfa strips. In 1994 in Ames, predator numbers (especially Araneae) in alfalfa strips 
treated with Pounce 3.2 EC (permethrin) at 0.224 and 0.112 kg (AI) / ha were significantly 
lower than controls for 3 of 4, and 2 of 4 post-treatment sampling dates, respectively (Tables 1 
& 2). In general, arthropod natural enemies, especially Araneae, are more susceptible to 
pyrethroids than organophosphates or carbamates (Samu 1992, Croft 1993). Additionally, the 
106 
pyrethroid pennethrin is one of the most highly toxic insecticides to arthropod namral enemies 
(Croft 1990). Chlorpyrofos (Lorsban 4E) is more selective and not as disruptive as permethrin 
to natural enemies (Croft 1990); this selectivity may explain why only one significant reduction 
occurred in alfalfa strips treated with Loi^ban 4E in 1994 (0.560 kg (AI) / ha on 5-29-94, 
Table 1). 
Significant reductions in predator abundance in 1994 strip-harvested subplots (Table 1) 
may have been affected by harvesting technique. In 1994, harvesting was by swath-cutting 
and crimping with a John Deere Mower (See Paper 3), which crushes alfalfa vegetation along 
with arthropods including predators. Harvesting was by hand in 1995 (swath-cutting with a 
sickle bar cutter and weed-eater); the lack of crimping may have preserved arthropod predator 
numbers (Tables 3 & 4). 
Reductions in predator abundance coincide with reductions in H. postica larval 
densities and A. pisum densities (Papers 3 & 4, Table 1). Giles et al. (1994) observed strong 
correlations between prey (A. pisum and H. postica larvae) and predator (coccinellids and 
hemipterans) densities in first growth alfalfa in Iowa; strong correlations suggested an 
aggregative response of predators to higher prey densities (Giles et al. 1994). Reductions in 
prey densities in alfalfa strips treated with Lorsban 4E, Pounce 3.2 EC, and harvested strips 
may have reduced predator aggregations to these areas of low prey density. 
Arthropod Predators and H. postica 1PM 
The development of a successful IPM program is dependent upon determining the 
insecticide dosage necessary to prevent economic damage (Metcalf 1982). However, effective 
integration of insecticides into IPM programs also requires quantitative knowledge of the 
impact of rates on natural enemy survival and on arthropods constituting essential food webs 
for natural enemies (Stem et al. 1959, Hull & Beers 1985, Andersen 1982). Knowledge of the 
ecological selectivity in time and space, and persistence are critical for effective integration of 
an insecticide into an IPM program (Andersen 1982, Croft & Hull 1983, Hull & Beers 1985). 
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Integrated pest management programs for H. postica have been developed to reduce H. postica 
larval outbreaks with insecticides and/or harvesting (Wedberg et al. 1980, Higgins et al. 1988, 
Steffey & Armbrust 1991). Ignored in these programs are the effects of insecticides and 
harvesting on arthropod predators and other insect prey, such as aphids, that are critical 
components of predator food webs. 
Integration of control tactics and H. postica namral enemies requires an understanding 
of their interactions in existing agroecosystems and agroecosystems manipulated to enhance 
biological control (Stem et al. 1959). During this smdy, all rates of Lorsban 4E, Pounce 3.2 
EC and harvesting (1994) effectively reduced H. postica larval densities but conserved other 
natural enemies, including the fungal entomopathogen Z phytonomi and the larval parasitoids 
B. curculionis and B. anurus. (Papers 3 & 4). Additionally, Lorsban 4E, Pounce 3.2 EC and 
harvesting (1994) effectively reduced A. pisum densities in 1994 (Table 1). However, only 
Pounce 3.2 EC and harvesting consistently reduced arthropod predator abundance in 1994. In 
1995, rainfall on the day of insecticide application and differences in harvesting procedures 
may have reduced the impact of treatment (Pounce 3.2 EC and harvesting) on arthropod 
predators. This study indicates that all rates of Lorsban 4E used in this study do not 
significantly reduce arthropod predator abundance in alfalfa when applied in strips. Untreated 
strips within the fields and areas outside each field (alfalfa and other vegetation with prey) 
serve as refuges for arthropod predators. Arthropod predators, especially hemipterans (Table 
2), recolonized strips treated with Lorsban 4E (most likely from refuges), but not always to 
levels observed in controls (Table 1). The non-significant reductions in predator abundance 
observed in alfalfa strips treated with Lorsban 4E may have been affected by reductions in prey 
(A. pisum and H. postica larvae) densities; aggregation of predators to areas of low prey 
density (treated strips) was reduced. To effectively integrate arthropod predators into H. 
postica management programs, further studies are needed to determine the impact of strip 
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applications of insecticides or strip harvesting on predation levels of H. postica larvae in 
recolonized (treated) alfalfa. 
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Table 1. continued 
5-25-94 
Treatment Predators A. pisum 
Control 2.8 ± 0.5 5.2 ± 1.5 
Lors.0.140 1.8 ± 0.6 (0.427) 0.9 ± 0.4 (0.019) 
Lors.0.280 1.1 ± 0.3 (0.160) 0.8 ± 0.3 (0.015) 
Lors.0.560 2.0 ± 0.8 (0.425) 2.5 ± 1.4 (0.161) 
Lors. 1.120 1.5 ± 0.5 (0.323) 0.8 ± 0.4 (0.013) 
Mpede 0.231 2.9 ± 1.1 (0.683) 7.1 ±2.6 (0.291) 
Mpede 0.463 2.4 ± 0.8 (0.394) 6.3 ± 2.4 (0.480) 
Mpede 0.927 2.6 ± 0.8 (0.903) 3.4 ± 1.8 (0.457) 
Mpede 1.851 2.6 ± 0.8 (0.336) 13.3 ± 5.3 (0.007) 
Pounce 0.112 1.5 ± 1.0 (0.065) 1.7 ± 0.5 (0.172) 
Pounce 0.224 1.0 ± 0.7 (0.050) LI ±0.7 (0.025) 
Water 3.0 ± 0.9 (0.951) 7.0 ± 3.0 (0.401) 
Harvest 0.3 ± 0.3 (0.000) 1.1 ±0.7 (0.005) 
ANOVA Trt F=1.9, df=12, 108, P=0.042 F=4.3, df=12, 110, P=0.000 
H.postica F=1.3, df=l, 108, P=0.245 
A. pisum F=2.8, df=l, 108, F=0.096 
5-27-94 
Treatment Predators A. pisum 
Control 3.0 ±0.4 
Lors.0.140 1.4 ±0.5 (0.082) 
Lors.0.280 1.8 ±0.2 (0.296) 
Lors.0.560 1.6 ±0.5 (0.224) 
Lors. 1.120 1.4 ±0.5 (0.179) 
Mpede 0.231 2.5 ±0.4 (0.664) 
Mpede 0.463 2.3 ±0.7 (0.312) 
Mpede 0.927 2.8 ±0.4 (0.893) 
Mpede 1.851 2.8 ±0.9 (0.485) 
Pounce 0.112 1.9 ±0.6 (0.227) 
Pounce 0.224 1.7 ±0.7 (0.177) 
Water 3.1 ± 1.0 (0.986) 
Harvest 0.5 ±0.4 (0.004) 
ANOVA Trt F=0.9, df=12 , 108, F=0.597 
H.postica F=1.8, df=l. 108, P=0.179 
A. pisum F=0.2, df=l. 108, P=0.647 
6.9 ± 0.8 
1.5 + 0.9 
1.8 ± 0.8 
0.6 ± 0.3 
2.3 ± 1.4 
8.8 ± 2.0 
5.1 ± 1.2 
11.1+2.6 
6.6 ± 0.5 
3.3 ± 1.3 
2.0 ± 0.3 
8.8 ± 2.5 
5.1 ±0.4 
(0.000) 
(0.000) 
(0.000) 
(0.000) 
(0.368) 
(0.256) 
(0.045) 
(0.871) 
(0.015) 
(0.009) 
(0.396) 
(0.000) 
F=10.1, df=12, 110, F=0.000 
5-29-94 
Treatment Predators A. pisum 
Control 3.3 ± 0.6 3.4 ± 0.6 
Lors.0.140 1.8 ±0.4 (0.328) 1.8 ± 0.5 (0.163) 
Lors.0.280 2.4 ± 0.7 (0.816) 1.3 ± 0.5 (0.043) 
Lors.0.560 0.9 ±0.2 (0.062) 0.8 ± 0.4 (0.008) 
Lors. 1.120 1.4 ±0.4 (0.136) 1.6 ±0.6 (0.106) 
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Table 1. continued 
Mpede 0.231 6.4 ± 1.7 (0.005) 
Mpede 0.463 2.8 ± 0.7 (0.500) 
Mpede 0.927 2.5 ± 0.7 (0.298) 
Mpede 1.851 2.9 ± 0.8 (0.457) 
Pounce 0.112 1.9 ± 0.6 (0.308) 
Pounce 0.224 1.5 ± 0.5 (0.057) 
Water 3.0 ± 0.7 (0.919) 
Harvest 1.0 ± 0.5 (0.008) 
3.1 ± 1.1 (0.747) 
3.6 ±0.9 (0.759) 
6.3 ±1.2 (0.011) 
4.5 ± 1.4 (0.327) 
1.9 ±0.6 (0.196) 
2.6 ±0.7 (0.572) 
2.5 ± 0.9 (0.408) 
2.8 ± 1.1 (0.426) 
ANOVA Trt F=2.3, df=12, 108, P=0.014 
H.postica F=2.1, df=l, 108, P=0.150 
A. pisum F=0.9, df=l, 108, F=0.346 
F=2.6, df=12, 110, P=0.005 
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Table 2. Relative percentage of predators, by groups, in sweep samples for all post-
treatment sampling dates, Ames Iowa, 1994. 
Treatment n* Coccinellids Hemipterans Araneae 
Control 96 53.9% 27.8% 18.3% 
Lorsban 4E 
0.140 kg 
0.280 kg 
0.560 kg 
1.120 kg 
32 
32 
32 
32 
56.3% 
48.3% 
49.0% 
35.7% 
29.7% 
34.5% 
33.3% 
54.8% 
14.0% 
17.2% 
17.7% 
9.5% 
Pounce 3.2EC 
0.112 kg 
0.224 kg 
32 
28 
52.3% 
65.9% 
38.6% 
21.9% 
9.1% 
12.2% 
Water 32 54.2% 32.3% 13.5% 
Harvest 62 77.2% 8.5% 14.3% 
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Table 4. Number of arthropod predators ± SE per 20-sweeps (P versus control, 
LSD), Ames Iowa 1995. 
Treatment 5-26 (Pre-treatment) 5-31 
Control 5.3 ± 2.3 2.5 ± 0.9 
Lors.0.140 2.8 ± 0.9 (0.325) 2.3 ± 0.9 (0.880) 
Lors.0.280 2.0 ± 1.1 (0.127) 3.3 ± 0.6 (0.263) 
Lors.0.560 3.3 ± 1.4 (0.397) 1.0 ± 0.0 (0.334) 
Lors. 1.120 1.8 ± 0.5 (0.122) 1.5 ± 0.6 (0.529) 
Pounce 0.112 3.5 ± 1.3 (0.493) 0.5 ± 0.5 (0.041) 
Pounce 0.224 5.8 ± 1.0 (0.583) 1.3 ± 0.5 (0.311) 
Sevin 0.361 2.3 ± 0.6 (0.213) 1.8 ± 0.8 (0.604) 
Sevin 0.722 4.0 ± 1.8 (0.597) 0.8 ± 0.3 (0.086) 
Water 3.5 ± 2.9 (0.659) 1.8 ± 0.5 (0.441) 
Harvest 2.5 ± 0.9 (0.148) 1.3 ± 0.7 (0.093) 
ANOVA Trt F=0.9, df=10. 33, P=0.559 F=1.8,df=10, 33, P=0.103 
H.postica F=0.0, df=l, 33, P=0.898 
Control 
Lors.0.140 
Lors.0.280 
Lors.0.560 
Lors. 1.120 
Pounce 0.112 
Pounce 0.224 
Sevin 0.361 
Sevin 0.722 
Water 
Harvest 
ANOVA Trt 
H.postica 
Control 
Lors.0.140 
Lors.0.280 
Lors.0.560 
Lors. 1.120 
Pounce 0.112 
Pounce 0.224 
Sevin 0.361 
Sevin 0.722 
Water 
Harvest 
6-4 
0.5 ± 0.3 
1.0 ± 0.4 
0.5 ± 0.3 
0.5 ± 0.3 
0.8 ± 0.5 
0.8 ± 0.5 
1.0 ± 0.4 
0.5 ± 0.3 
0.8 ± 0.5 
0.8 ± 0.3 
0.5 ± 0.3 
(0.540) 
(0.872) 
(0.831) 
(0.949) 
(0.840) 
(0.565) 
(0.884) 
(0.852) 
(0.717) 
(0.855) 
F=0.2, df=10, 33, P=0.993 
F=0.4, df=l, 33 P=0.556 
6-12 
1.5 ±0.6 
1.3 ± 0.8 
1.5 ± 0.5 
1.5 ± 0.3 
0.8 ± 0.5 
0.3 ± 0.3 
0.5 ± 0.3 
0.8 ± 0.3 
0.5 ± 0.3 
1.3 ± 0.9 
0.4 ± 0.2 
(0.553) 
(0.926) 
(0.992) 
(0.211) 
(0.049) 
(0.116) 
(0.309) 
(0.143) 
(0.589) 
(0.053) 
F=l.l, df=l, 33, P=0.292 
6-8 
0±0 
0.5 ± 0.3 
1.0 ± 0.7 
0.5 ± 0.3 
0.8 ± 0.3 
0.3 ± 0.3 
0.5 + 0.3 
1.3 ±0.3 
1.0 ± 0.6 
0.5 ± 0.3 
0.8 ± 0.4 
(0.278) 
(0.088) 
(0.276) 
(0.128) 
(0.571) 
(0.292) 
(0.021) 
(0.081) 
(0.415) 
(0.116) 
F=0.9, df=10, 33 P=0.588 
F=0.3, df=l, 33 P=0.624 
ANOVA Trt F=1.3, df=10, 33, P=0.293 
H.postica F^.6. df=l. 33. P=0.464 
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GENERAL CONCLUSIONS 
Management of H. postica has relied on imported hymenopteran parasitoids and a 
naturally occurring entomopathogenic fungus Z phytonomi to suppress weevil populations. 
However, H. postica continues to be a sporadic pest of alfalfa in many locations throughout 
North America. Currently, alfalfa producers harvest or apply insecticides to suppress H. 
postica populations. However, harvesting and insecticides often reduce natural enemy 
numbers and their effects on H. postica populations. Despite the regulatory importance of H. 
postica natural enemies, few efforts have been made to integrate biotic mortality and 
management practices into holistic management programs. This is primarily due to the lack of 
quantitative information on the interactions between H. postica natural enemies and current 
management practices. Tactics for//, postica suppression such as inoculative host releases, 
strip-harvesting, and reduced rates of insecticides designed to optimize the impact of Z 
phytonomi have not been evaluated. Also, the effect of strip-harvesting and reduced rates of 
insecticides on larval parasitism and arthropod predator abundance is unknown. 
The objectives of this study were to (1) initiate local epizootics of Z phytonomi 
through inoculative host releases, (2) quantify the effects of reduced insecticide rates, or strip 
harvesting, on H. postica larval populations and transmission of Z phytonomi; (3) determine 
the effects of reduced insecticide rates, or strip harvesting, on the larval parasitoids B. 
curculionis and B. anurus, and (4) determine the effects of reduced insecticide rates, or strip 
harvesting, on selected arthropod predators. 
In 1994 and 1995, studies were conducted to initiate epizootics (>50% infection) of Z 
phytonomi within 0.09 m^ areas through inoculative host releases of larval H. postica. H. 
postica larvae were placed on the ground at densities of 300,100,50, and 0 individuals per 
0.09 m^ and 5.5 mm of water was applied daily to enhance disease levels. Despite adequate 
overnight relative humidity for Z phytonomi development and sufficient host densities, no 
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epizootics (>50% infection) were observed in any inoculation plots. However in one study, Z 
phytonomi was first observed in plots with the highest release densities (300 H. postica larvae) 
suggesting that first occurrence can be manipulated. 
A laboratory study was conducted to determine if application of Lorsban 4E® 
(chlorpyrofos) to H. postica larvae inhibits transmission of Z phytonomi between hosts. 
Lorsban 4E was applied to H. postica larvae at ca. 0.140,0.280,0.560, and 1.120 kg (AI) / 
ha prior to exposure to H. postica cadavers infected with Z phytonomi. Two larvae treated 
with 0.140 kg (AI) / ha of insecticide became infected with Z phytonomi following exposure 
to infected cadavers, however, presence of the fungus in larvae treated with higher rates was 
not detected. This study demonstrates that transmission and development of Z phytonomi 
occurs in H. postica larvae exposed to low rates of Lorsban 4E. 
In 1994 and 1995, the effects of reduced insecticide rates and harvesting on H. postica 
larval populations and prevalence of Z phytonomi were evaluated in 3m x 9m alfalfa strips. 
Insecticide and harvest treatments were timed with predicted first occurrence of Z phytonomi 
to maximize combined mortality. In Chariton, Iowa (1995), Lorsban 4E applied at 0.140, 
0.280,0.560, and 1.120 (recommended rate) kg (AI) / ha and Pounce 3.2 EC ® (permethrin) 
applied at 0.112 and 0.224 (maximum recommended rate) kg (AI) / ha reduced peak H. postica 
densities by more than 41% compared with control plots during an epizootic (> 50% infection) 
of Z phytonomi. Combined H. postica mortality (insecticide and Z phytonomi) in plots 
treated with Lorsban 4E and Pounce 3.2 EC and was 7.5 to 25.3% higher than in control 
plots. In Ames, Iowa (1994 and 1995), Lorsban 4E, Pounce 3.2 EC, and harvesting (1994) 
reduced H. postica densities during an enzootic (< 50% infection) of Z phytonomi', however, 
because of low levels of Z phytonomi, combined mortality with treatments was negligible. 
In the same field study, Lorsban 4E applied at 0.140,0.280,0.560, and 1.120 kg (AI) 
/ ha. Pounce 3.2 EC applied at 0.112 and 0.224 kg (AI) / ha, and harvesting caused short-term 
reductions in larval parasitism, but total percentage parasitism in 9m x 3m strips of alfalfa was 
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unaffected. The range for total percentage parasitism in strips treated with Lorsban 4E at 
0.140, 0.280, 0.560, and 1.120 kg (AI) / ha were 15.0-21.6%, 13.8-18.7-%, 20.6-26.7%, 
and 12.9-18.5%, respectively; for Pounce 3.2 EC applied at 0.112 and 0.224 kg (AI) / ha, 
were 25.3-26.0% and 24.4-30.2%, respectively; and for controls, 18.3-27.0%. Intrafield 
refuges for parasitoids, and the density independent foraging behavior of the B. curcuUonis, 
are considered important factors explaining similarities in percentage parasitism among treated 
alfalfa strips and controls. 
In 1994, arthropod predator abundance was significantly reduced in harvested alfalfa 
strips and strips treated with Pounce 3.2 EC applied at 0.112 and 0.224 kg (AI) / ha in 1994, 
but not in 1995 when a different harvesting procedure was used and rainfall occurred on the 
day of insecticide application. Reductions in predator densities from applications of Pounce 
3.2 EC and harvesting were mainly due to reductions in the relative abundance of Araneae, and 
hemipterans and Araneae, respectively. Compared to control strips, Lorsban 4E applied at 
0.140,0.280,0.560, and 1.120 kg (AI) / ha did not result in consistent, significant reductions 
in arthropod predator abundance. All rates of Lorsban 4E, Pounce 3.2 EC and harvesting 
(1994) reduced pea aphid A. pisum densities in 1994. Reductions in prey {A. pisum and H. 
postica larvae) densities may have contributed to decreased movement of predators to areas of 
low prey density and subsequent lower abundance of predators in treated alfalfa strips. 
These studies provide a basis for the development of a holistic integrated pest 
management program for H. postica. We have demonstrated that; (1) transmission and 
development of Z phytonomi occurs in H. postica larvae exposed to low rates of Lorsban 4E; 
(2) combined mortality between reduced rates of insecticide and Z phytonomi is additive in 
alfalfa fields when timed with the development of Z phytonomi; (3) high levels of H. postica 
mortality can be achieved while conserving larval parasitoid species and arthropod predator 
abundance through the use of reduced rates of insecticides applied in selected areas of an alfalfa 
field; and (4) that low rates of insecticide may greatly reduce injury to alfalfa by H. postica 
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larvae because of sublethal insecticide effects. Based on the predictability of Z phytonomi and 
the effectiveness of harvesting and Lorsban 4E at reduced rates, we believe that this pathogen 
can be integrated into cunent management programs for H. postica in Iowa. Ouring growing 
seasons with above average rainfall and in fields that have high epizootic potential, alfalfa 
producers should time harvesting or ^plication of reduced rates of insecticides with first 
occurrence of Z phytonomi to maximize combined mortality. During growing seasons with 
below average rainfall and in fields that have low epizootic potential, alfalfa producers should 
time harvesting or application of reduced rates of insecticides to maximize parasitoid survival. 
Potentially critical to the short and long term effectiveness of these natural enemies is the 
preservation of short term rcfiigia for natural enemy development within alfalfa fields. These 
refugia (strips of alfalfa) allow for the buildup of natural enemy numbers; the result is a greater 
level of combined mortality in treated areas of an alfalfa field. 
Further research on the relationship between Z phytonomi resting spore density and 
epizootic development in different aged alfalfa stands would aid in the predictability of Z 
phytonomi. Accurate predictions of Z phytonomi activity in individual alfalfa fields would 
aid in successful inoculative H. postica larval releases, and the refinement of integrated pest 
management tactics. Long term studies (several years) are needed to detennine the effect of 
reduced rates of insecticides on parasitoid populations, and most importandy parasitism of H. 
postica populations. Additionally, further studies on the effects of reduced rates of insecticide 
on H. postica larval survival and damage on different cultivars are needed for reduced rates to 
be effectively incorporated into pest management programs. 
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